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PREFACE. 


In preparing this book I have used fieely my pievious 
works, Plcmt Biology and Life Histones of Common Plants , 
but at the same time a very large portion of the text is new. 

The fact that I regard Ecology (the study of adaptation to 
environment) and Physiology as the aspects of Plant Life 
winch should be chiefly piesented to beginners will explain 
and, I hope, justify the inclusion m this hook of a good 
deal of information which is given m works on Chemistry, 
Physics, Meteorology, and Q-eology, I do not think the 
bringing together of the facts dealt with m Chapter II is 
at all out of place in a book on Plant Life The plant is 
a living and sentient being, acted upon, responding to, and 
influenced by, all the factors which make up its environment, 
it is the central figure upon which many external forces play 
It is impossible to get a clear picture of the adaptations of a 
plant without carefully studying its natural surroundings 
and also experimenting with it under controlled conditions 

The essence of good teaching in Elementaiy Botany is to 
bring the student into the closest personal contact with the 
fundamental facts of the science Accordingly I have in¬ 
serted in this book a very laige number of experiments, and 
also veiy full dnections for the examination and sketching 
of specimens Assome teachers will find that the time 
whicVtlieir classes can devote to the subject does n6t allow 
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them to perform all the experiments here given, those ex¬ 
periments which are of fundamental importance have been 
indicated with an asterisk 

In the Chapters on the Natural Orders some paragraphs 
have been enclosed in square brackets. This is to indicate 
that the plants described are not found growing wild in 
Britain, but are commonly cultivated in gardens, shrubberies, 
or plantations 

For the loan of certain illustration-blocks I am indebted to 
the courtesy and kindness of Messrs Baird and Tatlock, 
Gross Street, Hatton Q-arden, London, E.C , the Council of 
the Lrnnean Society, Dr T W.Woodhead, Dr W. G-. Smith; 
and my colleague Mr E E Marie 

Messrs Clive and Co have prepared an excellent set of 
microscopical preparations (Plant Biology Set of Micro. 
Slides , price 25s ), which will be found to answer admirably 
for use with this book , the set is accompanied by a descrip¬ 
tive booklet. 

I shall he very glad to receive suggestions and criticisms 
from teachers and others who use t his book 


Hartley University College, 
Southampton. 
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CHAPTER L 


INTRODUCTION—THE BROAD BEAN PLANT, 

1. Seed Plants.—In this book we shall study only the 
higher plants, which produce flowers and seeds and are there¬ 
fore called the Flowemig Plants or Seed Plants, to distinguish 
them from the lowei plants which do not produce seeds— 
Ferns, Mosses, Fungi, Seaweeds, etc 

Most Seed Plants agiee in certain general features of form 
and structure, though showing endless drffeiences in details 

2. Practical Work.—Get all the seeds, plants, and othei 
materials mentioned m the directions for practical work and 
cany out the directions faithfully, making observations and 
expei iments for yourself and keeping a careful record of 
your woik written in your own words and illustrated by 
your own drawings from actual objects 

3. Sketches Required,—It is of the utmost importance 
that, besides keeping a written record of all your observations 
and experiments, you should make careful drawings of all 
specimens you examine. Use a note-book of unruled paper 
(not too thin) , if you write your notes in the same book, 
keep notes and sketches on separate pages, make your 
sketches large (natural size or, m most cases, enlarged) and 
clear (no shading, no superfluous or meaningless marks or 
lines, and no “ inking-m ” afterwards) Measure the spe¬ 
cimens you are going to draw, record the measurements, 
and if enlargement is necessary in order to show details 
clearly, draw to a definite scale and note how many times- 

B. F, M 1 
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your sketch is magnified ( X 2, X 3, etc.) All the parts 
shown should he labelled; do not wnte the names inside the 
drawing, bnt at the end of a line drawn to the part named. 
Do not leave your sketches lilte nameless islands; write 
below each drawing the name of the plant, the part of the 
plant, the aspect represented, etc. 

4. Hints on Lens Work. —So muoh oan bo done with a Iodb, 
especially if a microscope is not available, that some hints on lens woik 
may be useful. The best kmd of lens is the “aplanatio” or “platy- 
Boopio,” which gives a flat field of vision without distortion of the 
edges; but a oheap triple folding-lens will do. It is easy to make a 
Bimplo stand to oarry the lens, and to allow of both hands being 
used in disseotmg the specimen examined The lens oan be fixed to 
a cork whioh slides up and down a veitical rod, eg a knitting- 
needle or hat-pm, inserted mto a wooden base. Another useful plan is 
to get a piece of thick glass, about 9 by 4 ins ; to one side of it paste 
two pieoes of thiok paper, each 3 by 4 ms , one black, the other white 
(or a single pieoe, 6 by 4 ins , with one half painted black) Keep the 
papered Bide downwards, plaoing on the upper side the objeots to be 
examined with the lens; move them along so as to see their appear- 
anoe against the opaque white and block surfaces, and also against 
the light through the clear part of the plate Seo Ch IV. 

5. The Parts of the Plant, —If we examine a number 
of common Seed Plants, we find that in most cases it is easy 
to recognise two sharply distinguished parts—the root, whicn 
grows downwards mto the soil, and the shoot, which grows 
upwards mto the air We Bhall at first confine our attention 
to a few plants whose shoot is erect (not burrowing m the 
soil, or creeping, or climbing) and herbaceous (not hard and 
woody), and find out in what respects these plants agree 

% 

6. Materials for Steady ,— Pull up, or dig up, specimens of all the 
following oommon plants • Broad Bean, Wallflower, Ghiokweed, 
Groundsel, White and Red Dead-Nettles. 

Examine each plant thoroughly, after washing off any soil that may 
cling to the root, making notes and sketches of your observations 
The Broad Bean is given fully m this chapter as a type, and the other 
plants Bhould be carefully compared with it at every point. 

7. The Broad Bean Plant. —A good way in which to 
begin work on plant-life is to raise plants from seed The 
chief reason why the Broad Bean has been chosen for 
om fust studies is that its seeds are easily germinated at 



THE BROAD BEAN PLANT 


3 


any time of year, yielding m a short time vigorous young 
plants which serve admirably for practical work on plant- 
structure and plant-physiology Flowering and fruiting 
plants can be obtained throughout the summer months; m 
winter one must, of course, use seedlings raised indoors. 


APEX OF 



Piff. 1.—Part of a Broad Bean Plant 


The Broad Bean (Vicia fctba) is distinguished from other 
“ Bean-plants ” (French or Kidney Bean, Scarlet Runner) 
by its erect mode of growth, its square stem, its leaves with 
large stipules and from four to seven oval leaflets, its white 
flowers with a black blotch on each lateral petal (Fig. 1). It 
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is co mm only cultivated for its large edible seeds, and (like 
most cultivated plants) shows several varieties (Longpod, 
Mazagan, etc ), differing in such details as shape and size of 
pod and seed and in times of flowering A common and dis¬ 
tinct variety is the Field or Horse Bean, of which the seeds 
are used chiefly for feeding horses, the “ straw” for stabling 
purposes, its seeds are much smaller and less flattened than 
those of the typical Windsor Broad Bean. 

8 Dig up an entne Broad Boan plant in the garden (or tins vory 
similar Horse Bean grown in the fields), and free the root fioni the soil 
that olings to it hy shaking it to and from a pailful of water and after¬ 
wards washing under a stream of water from a tap Sot the plant m a 
basin of clean water, so os to allow the bianohing root to spread out, 
as well as to pi^vent its drying up 

If complete flowering and fruiting Broad Bean plants oonnnl he 
obtained at once, begin by studying the seed and its germination 
(Art, 33 and rest of tins chapter , Uli III ), Make suceossivo sowings 
m the garden, 1 also in pots nud boxes, so as to get abundant matoi ml, 
m the form of seedlings, to stait woik with. 

9. The Root consists of a mam downward-giowing axis 
(continuous with the upward-growing axis or stem), from 
which arise branches that spread out fiom it Are these 
first branches horizontal or not ? Do they all make the same 
angle with the mam root p These first branches give rise in 
then turn to finer branches, in what diiections do these grow 
m the soil, and how many tunes may the piocess of blanching 
be lepeated? Compare the different directions of growth 
taken by the mam axis and by the successive sets of branches. 
How do these differences help the root to come into contact 
with as much soil-space as possible m the most economical 
way ? 


10. Arrangement of Rootlets. —Aro the first branches scattered 
over the aiu'faoe of the main root 9 To make out then arrangement, 
out out a straight piece of mam root, about 6 ms long, out off the 
brauohes about an mob from their origin, and look along Iho piooo 
from end to end. Sketch the pieoe, showing the rows of branohos 


1 Messrs Toogood and Son, Southampton, will send post free for Is. 
two exoellent gardening books —Cidtme of Vcyetcdrtea and Culture of 
JPlowtra, 
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ananged along tlio axis 1 How many rows are theie? Does the 
ariangoment in lougitiidiiial rows extend to the further branchings of 
the loot 9 

11. Origin of Rootlets. —Exammo closely the place whoie a 
bianoli (rootlet) loaves tlio paient-root Is the sin face smooth and 
oontnmous, or is tlioio anything visible that suggests the way in whioh 
the bianoli arose fioni the paient-root? Wliat fmthor information is 
gained by cutting acioss the parent-loot at this point with a sharp 
knife oi a tazor, and examining with a lens tlio out surface 9 In wliat 
region of the main root aio tlioblanches shot test and thinnest? Look 
for young bianohes just emerging from the parent-ioot, in what 
direction do they glow at first ? 

12. Root-Tip. —Note the gradual tapeimg of the axis and of the 
rootlets lowaids their flee onds, and the sofLness and whiteness of the 
latter as compared with the oldoi parts Cut off the ends of some of 
the rootlets, about an inch behind the extreme tip, plaoe them m a 
drop of water on a glass slide, and examine them with the lens ; tiy 
holding tlio slide (1) against the light, (2) ovei a white surface, (3) ovol 
a black surface 

13. Root-Hairs —Look foi voiy fine threads, whioh will bo found 
behind the toot-tip, if the lattoi lias not boon damaged Those are 
the loot-hans, to whioh small paitides of hoiI may still be sticking 
Root-ban a aio more easily seen in seedlings They previously 
existed on the oldoi jpaLts of the root, but tlioy disappear as the root 
glows, while new hairs are continually being formed just behind the 
glowing extremity of the rootlet. 

14 Root-Cap. —At the end of eaoh rootlet, note the moio 
transparent conical moss at the extreme tip, sopaiated from the 
donser mam body of the i outlet by a ouived ouLliuo. Tins oomoal 
mass is the root-oap , it is thickest at tlio tip and extends a little 
distance at the sides, fitting over the end of the rootlet like a thimble 
on a finger 

Root-hairs and loot-cap can be moie easily examined in a seodlmg , 
these stiuotures are often damaged in removing the mature plant from 
the soil 

15. Root-Nodules. —Note, lioro and thore on the main root and 
the rootlets, little wart-like swellings, vaiying in sue and Bhapo. Those 
swellings (nodules or tubeicles) aie oharaotenstio of the roots of 
Beans, Peas, Clover, and allied plants. 


1 This airangomont oan easily be mado out m seedlings. In the 
Broad Bean the side-roots ai o usually m 5 rows on the mam root; 
in the Scarlet Runner and the Frenoli Bean there are usually 4 rows, 
arranged with great regulaiity on the mam root. 
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16. Hard and Soft Tissues of Root. —Cut tlie mam loot and 
the branches at several points, tiansversely and longitudinally, and note 
the hard central patt surrounded by the soft outer tissue tiorape the 
latter off, all round a piece of 1 oot, to see the hard central cylinder Is the 
hardness of tins oentral tissue due to the presence of woody substance, 
as in old roots as well os stems of trees ? It is easy to find out Got 
some aniline ohloude (about ljd per ounce), dissolve in a little alcohol, 
and odd water to make a 10 per oenl solution. Dip a wooden rnatoli 
into the solution ; does the matoli turn bright yellow wliou withdrawn ? 
If the colour does not appeal quickly, odd a few drops of liydroohlono 
acid to the solution This solution affords a ready test for woody 
substance {lignm) Place some on your sections of tlie root, and notioe 
which parts turn yellow 

17. The Shoot.—The whole of tlie uppei part of the bean- 
plant, above the ground, may be called the shoot, as dis¬ 
tinguished from the loot, which grows in the soil. In 
passing from the downward-growing axis or root to the 
upward-growing axis or stem, what changes do you notice 
m (a) shape of axis, (5) colour of axis, (c) nature of appen¬ 
dages carried by the axis ? Note the four flat sides of the 
stem, and its green coloui, often tinged with red We saw 
that the root consists of a mam cylindrical axis which is 
covered at the tip by a root-cap and which bears os appen¬ 
dages (a) root-hairs, (jb) root-nodules, (c) rootlets wlucli 
repeat the form of the mam axis and hear tlie same appen¬ 
dages What are the appendages of the shoot-axis (stem)? 

(а) Some of these consist of a stalk winch is grooved on its 
uppei 1 surface, carries a number of thin flat outgrowths on 
either side, and (usually) ends m a slendei prolongation 

(б) Other appendages of the stem consist of a four-sided 
stalk which carries appendages like (a), and which there¬ 
fore repeats the form of the mam stem itself and may be 
called a foancli of the stem, just as a rootlet is a branch 
of the root In many plants, e g Wallflower, the first 
kind of stem-appendage consists of an undivided thin flat 
piece, such an appendage is called a simple leaf The 
corresponding appendage of tlie Bean is also a leaf, but 
here the leaf is compound, its thin flat portion being divided 
into several pieces, the leaflets 

18 Air-Spaces in Shoot. —You have noticed a oentral oavity in 
Borne of the oioss-seotions How far does thiB oavity extend m the 
stem, and ia it continuous? Find out by slitting up the whole stem 
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from lop to bottom Doob it run out mto Uio brandies and the loaves ? 
What does it contain in the uninjured living slom ? Lay a wholo 
plant in a basin, cover it with oold water, and out aoioss the stem 
and tho branches at several plaoes • what do you notice escaping 
from tho cut ends 9 Is this central oavity the only part that contains 
an ? Take tho plant out, leplaoo the oold water by hot water (just 
boilod), and notioo what happens when you placo in it (a) a piece of 
stem only, with the out ends previously well plugged with plastiome, 
(b) a wholo plant 

The results of tlioso simple experiments show that the wholo shoot 
contains air-spaoes and that these oommuuioato with the atmosphere 
by openings soatteiod over the surfaoe. From the number of bubbles 
seen to esoape, the loaves evidently have moie air-openings than 
tho stem Which side of a leaflet, upper or lower, seems to have 
most openings ? These air-openmgs are called stomatea. 

19. Hard and Soft Tissues of Stem.— Cut shoes aoross the 
stem at several places, storting with the uppermost (youngest) parts 
and working downwards. Arrange the BlioeB in order on your glass 
plate, oovei with a little water, and examine with the lens Note that 
the young paita are solid and soft, while the older parts are hollow and 
hard.. Note the hard tissue lying within the soft gieon outer tissue. 
In young paits tho hard tissue consists of separate strings (bundles) 
foiming a ung of whitish points in oross-seotion ; note tho extra 
bundles lying outside of the ring, ocoupymg two of the four projeobing 
oomers (there is a small bundle in each of the oomeis alternating with 
these two, hut they are harder to see) In older parts the bundles are 
jomed m a continuous hollow cylinder or tube (a aomplete ring m oross- 
seotion), but the extra bundles lie outside of this m the same positions 
as in the young parts. 

Now run the water off and place on the sections a little aniline 
ohlonde, noting tho result. Cut the stem longitudinally into strips 
and note tho bundles, whioh will bo easiei to follow if the strips aro 
placed in potash solution foi a shot t time Scrape the soft outer tissue 
from a pieoe of stem and nulioe the haidness of the bundles, especially 
in the older parts. 

20. The Leaf.—Each leaf consists of an axis (leaf-stalk) 
which bears right and left a number of thin flat outgrowths 
The two lowest of these lie on each side at the base of the 
leaf-stalk, close to the stem; they are called stipules, to 
distinguish them from the leaflets carried higher up on the 
stalk The leaflets are rather variable in number, but we 
usually find a parr close together, right and left, near the 
top of the stalk, and from two to four spaced out on the 
stalk below these. Note the difference m shape between the 
leaflets (oval) and the stipules (triangular, like one lateral 
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half of a spear-head) , what other differences do they show ? 
Notice the slendei outgrowth into which the leaf-stalk js 
( usually) prolonged above the leaflets (Fig 1) 

Do any of the leaves m your plants bear a leaflet m place 
of this outgrowth, and do you find any leaves ending in 
structures intermediate between these two extremes ? Note 
that the leaf-stalk comes off at one of the ndges of the 
stem, the stipules being against the two adjacent flat sides of 
the stem. 


21. Arrangement of Leaves. —Follow the ndgon along the hLoiii, 
and find out in how many rows the leaves me airanged Do Ioiivoh 
oome off at all four ridges 9 Do the ridges urn stiaight up and 
down the stem, or is theio any twisting’ Compaio the leaf-umingc- 
ment in the Broad Beau with that obseivod in other plants which liavo 
square stems—e q White or Red Dead-nettle, Mint, Figwoit, Colons— 
and note any differences 


22 The Leaflet —Notice the chief vom (midrib), which inns 
through the leaflet from the base to the tip What do you noLioo 
at the tip 9 Note the branch-veins arising on eaoh side from the 
midrib, the finer veins aiising fiom those, and the doliouto net-like 
of the still fiuei \ums (hold the leaflet against the 
light) Wiiab differences do you notioo between the upper and 
lower surfaces of the leaflet 9 Notice that the chief veins appeal as 
grooves on one eui face (wlnoh 9 ) and as projections on the othei 
Hold the leaflofc, with the lower siuface towaids you, between the 
thumb and foiefingei of each hand, and, starting fiom a point on 
one edge, tcai the leaflet ocioss Notioe the thin oolomless skm wlnoli 
can be torn off m this way, and the gieen rnnoi tissue which ih 
exposed , small Bpeoks of the green tissue remain attoohed to the 
skin, unless the tearing is done very carefully (try it several times 
staiting at different points on the edge of the leaflet). Now try to 

' h0 + , UPPe f Bk,n “j 4 ¥ ? rae Wfl y> “ d notioo that it also is 
colourless, though a good deal of the green tissue always 001110 s 
away with it. The leaflet therefore consists of a thin ooluurloss skm 
covering its upper and lowei surfaces, and a thick middle croon tissuo 

surfaoe 1 (lio e ^» r th OWIL1 f dfl th ° uppo1 ' am-face ftml towards the lowui 
couUml thl veined " fcom your teauu S ^penments ?) and which 


33. Bloom" on Leaf-surface.— Dip a leaflet into wator and 
onmWv T Wtln 8 '* ou t, that the watei mns off the surface vory 
lt ^ ly- a leaflet on t]l ° table and place a chop tff 

foms aelobrfB r i S r^M°d of turn . notloe '“both oases that the witoi 
jorms egtobtita instead of spreading over the surfaco Tins shows that 

the leaf is not easily wetteef by water, and suggests that the swZo is 
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coveLorl by somo subaianoo like wax Tins waxy substaucc is similar 
to that wlnoli foims the “ bloom” oil Grapes, Plums, etc , so tlmt one 
might say the Bioad Boan leaflet is covoiod with “bloom ,” which 
provents watoi from wotting it and reaching the inner tissue Tiy to 
remove the bloom by lubbing the leaflet gently (1) with a diy oloth, 
(2) with a oloth dipped into warm watei , water placed on the leaflot 
will then wet the suiface and spiead ovei it 

24 The Stipules —How does a stipule diflor fiom a leaflet m 
shape, colour, andtextiue? Has it any veins (hold it against the 
light)? Notion thepatoh neui the oentiie of the stipule, at first it 
is hiight led oi violet in ooloui, later it becomes biown oi bluok 
On whioh surfaoe of the stipule is this patoh most easily seen’ 
Tins patch oonsists of nnuute glandulai hairs, veiy olosely crowded 
together on the lowei surface of the Btipule. A similar patch of 
glands ooours on the stipule in the Common Vetch of fiolcfs (Ftcta 
antioa), the nearest ally of the Broad Boan among British plants, 
its functions are doubtful. 

25. The Leaf-Stalk (Petiole) .—Note the groove on the uppei 
Biufaoe, making tho loaf-stalk gutter-shaped Wliat does this com¬ 
parison with a guttei suggest as to the use of the groove in wet 
wealhor 9 Tost the matter by a simple experiment with a watoi mg- 
pot, oi watch a plant during a showoi of ram Does this suggest 
also the uso of the little pointed tip at the end of eaoli leaflet v 
Wlmt about the narrow piolonged tip at Uie end of the leaf-stalk ’ 

Tho nearest lolativos of tho Bioad Bean aie the Vetches and Peas, 
which difioi fiom oiu type m beuig weak-stemmed climbing plants 
Get any of these (e y Sweot Peas) and compare then leaves with that 
of tho Bioad Bean What light does the comparison thiow on the 
natuio of this part of tho Broad Bean leaf? A speoial oigan used for 
olimbnig is oalled a iendinl Make out with tho lens tho struotuio of 
the loaf-stalk. How aie tho bundles arrangod? Is thoie a oential 
aiL-ohannol, and is it continuous with the air-ohannol of the stem, oi 
the bianoh, that beais the leaf ? 

26, Branches and Buds.—You will have noticed that 
each blanch of the stem arises just above the base of a 
leaf, and that aB a rule they become slioiLer towazds the 
upper end of the stem Pull oft' the young leaves at the 
end of the stem or of a branch, to see the small young 
branches ( buds ), one above the base of each leaf These 
buds are called axillary, the space between the leaf-base 
and the part of the stem above it being called the axil 
of the leaf At the very end of the main stem and of 
each branch there is a terminal bud A bud is simply a 
young shoot, consisting of a short axis (stem) bearing 
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young leaves which. are closely crowded together and overlap 
the growing apex of the axis. Later on, the stem part of 
the bud grows in length and the leaves become spaced out 
on it, as well as gi owing laiger. 

The points on the stem where leaves come off are called 
nodes , the parts between the nodes being called internodes , 
but these names, though useful in describing plants, are 
often associated with a false conception of the shoot as 
bemg made up of emits,” each consisting of an intemode 
and a node bearing one or more leaves The node is 
ineiely a place wheie a leaf stands on the stein, and where 
the bundles of the stem divide and jom with those of the 
leaf and also with each other, causing a swelling 

27. The Flowers 1 of the Broad Bean are arranged in 
small clusters, each cluster arising m the axil of a leaf, and 
each flower is attached by a shoit stalk to the axis of the 
cluster, which occupies the same position on the shoot as an 
ordinary branch The cluster or flower-bearing branch is 
called an inflorescence Turn down or pull off the leaf just 
below an inflm esc&nce, and examine the latter closely. This 
special kind of inflorescence, with the individual flowers 
stalked and spaced out on the axis, is called a raceme , the 
youngest flowers are nearest the top. 

Note the parts of a single flower (Figs. 2, 3), starting from 
the outside.—■ 

28. 1 * 3 The Calyx, a greenish oi oolouileBS oup, with its free edge pio- 
duced into five pointed lobes. Note the veins which start horn the 
bottom of the cup, one running up the middle of eaoh lobe, others 
between the lobes 

29, The Corolla (Fig. 2), consisting appai ently of fourpieoeB, a large 
upper piece [standard), two smaller side pieces [wings), and a lower 
boat-shaped piece (keel) Note the way in whioh tho standard is 
folded below over the wings, which in turn onfold the keel The 
standard is on the upper (posterior) side of the flower, i e the side 
towards the axis of the mfloresoenoe ; note the position of eaoh of the 
oalyx-lobes with refeience to the axis, the odd one bemg the lowest. 


1 If Broad Bean flowers are not available, ubb those of Sweet Pea, or 

Gorse, or some other plant of the Bean Family 

3 In dissecting flowers use a sharp penknife (a pair of fine scissors 
will also be useful), a pair of forceps for seizing the parts of the flower, 
and a lens 
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Opon tho oalyx by cutting ui tearing it between the two upper lobcH, 
to see the exact shape and position of oaoh of the foiu pints of tho 
ooiolln. Romo vo tho 


standard and sketch it 
(front surfaoo and side 
view), note its broad 
upper pait, marked by 
Golouied stieaks, and tho 
nai row lower part by 
which it is attached to 
the ? ecepUtda (i e the ex¬ 
panded upper end of tho 
ilowor-stalk, to wliioh all 
the parts of the flowers 
are attached). In each 
wing note the narrow 
stalk, and the broad 




KEEL 


oval portion which has STANDARD 

a largo blackish spot Fig 2.—Corolla of Broad Bonn 

Gently pull each wing 

outwards, and note that it dings to tho outei suiface of tho keel oan 
it bo pulled off without tearing anything ’ Note tho way m wlnoh the 
wing on oaoh side is locked with tho keel, at this place the wing and 
the keel allow a senes of folds, the corrugated surfaoes fitbuig together 
Remove and sketch ono of the wings, both from tho inner side and 

the outer side In i ©moving the 
standard and the wines, note 
that these jneoes {petals) alter¬ 
nate in position with the calyx- 
lobes, % e. the insertion of each 
of these three petals is just in¬ 
side the space Detween two of 
the calyx-lobes. Now examine 
the keel, and note that it is 
oamed on two separate stalks ; 
detaoh these at then bases and 
pull them apart, when the keel 
will split along its sharp lower 
edge into two pieces. The 
corolla, then, oonsiBts in reality 
of five petals, the two lowest 
Fig 8 — Stamunu and Pistil of Brood Bean being attached to each other to 

form the keel, and tho five petals 
alternate in position with tho five sepals (calyx-lobes). 



30. The Stamens (Fig 8).—On opening up the keel you will see 
a number of small oval bodies (anthers) > each oamed at the end of a 
thin stalk (filament) How many anthers are there ? If you see any 
stalks bare at the end, try another flower (a young unopened flower is 
best). Trace the stalks down, and notice that most of them are joined 
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below to a thin coloiulesa pinto wbioli is folded longitudinally Does 
tins folded plate foim a complete tube 01 is it opon ? Whole is tho 
opening, and how is it covoied ovei ? Aio any or tlio filaments fioo 
from the folded plate 9 Eaoli anther, with its filament, constitutes a 
stamen , but only tho uppeimoBt stamen is free right down to the 
fiowoi-axis ; tho otheis arise from the “ stamen-trough ” The upper 
pints of all the stamens bend sharply upwards, to suit the shape of 
tho keel, in wluoh Llioy aio enclosed , there is a nairow opening along 
tho upper side of tho keel, above the free stamen. 

Examine an anther with tho lens, not mg tho two lobes divided by 
a longitudinal groove, and eaoli showing a less marked groovo j the 
anther consists of foiu pollen-men lying side by sido. Tins oun only bo 
seen m a young fluwei ; in an oldci one the anthei will have opened 
by two slits, one at each side, allowing tho yellow dust-like pollen to 
escapo Sketch tho ten stamens, with the “ stamen-ti ough ” ns seen 
from tho side, Lhou out lound tho base of tho trough, lemovo it, aud 
skotah it spioad out. 



Fig 4.—Longitudinal Sootion of Broad Bean Flower. 


31. The Pistil (Fig 3), tho innermost part of the flower, is now 
seen. It consists of along gioeu lowor part with flattened sides, and a 
tapormg fiee end produced into a slondor outgrowth (s^e), which bends 
upwards aud boats a tuft of hairs on tho lowor sido of tho bond, just 
below the tip. Examine those paitu oarofully, and skoLch tho wliolo 

I nstil in side view Tho lower pait of the pistil resembles a small 
jean-pod, and for tho present we may oall it tlio “ young pod 55 Is it 
hollow, and does it contain any tiling answering to the seeds found in 
the bean-pod 9 Cut it across, and opon it up, to see what wo may at 
present call tho “ young seeds.” To which side (upper oi lower) of tlio 
cavity aro they atfcaohud ? 

Make and sketch a longitudinal sootion of tlio ontiro flower cono- 
spondmg to tlint shown in Fig 4, 
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32. The Fruit.—You should watch some flowers from 
day to day, or compaie different flowers on the same plant, 
and note any changes that occur as they grow older. What 
becomes of the calyx, corolla, stamens, style, young pod? 
What parts of the" flower (a) wither, (b) persist, (o) grow 
larger ? Watch the growth of the fruit (pod), opening up 
pods of different ages, to see what changes have occurred. 
How does the pod change m texture and m colour as it glows 
older and larger? How does the lipe pod open to let the 
ripe seeds out ? 

Do any changes occur m the rest of the plant (leaves, etc ) 
while the pods are ripening P What happens if you leave the 
plant undisturbed in the gioimd after the pods have ripened p 
What parts of the fruiting -Bean-plant remain alive during 
the winter P Wlmt will next year’s plants be produced from ? 



H J K 


Fig C — Seod of Brood Bean. A, 0, and H are views of tlio ontire seed , B, D, B, F, 
ami Q are views of tliB embryo (soed-ooat removed), J and K, seed ant actosa (in 
J the cotyledona and rodiole am removed, to show tlia radiole-pookot) 

33. The Seed.—Examine some pods containing seeds, 
also get a supply of dry seeds (Windsor Broad Bean, about 
6d per quart) Hotice the black (or brown) mark on the 
thicker end or the seed (Fig 5) How was this mark on 
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the loose seed produced ? How does the seed "become loose, 
and what does it bieak from when the pod opens ? This 
mark may he called the scar of the seed-stalk. The dry seeds 
have a shrunken appearance, while fiesh seeds are smooth 
and rounded In what other respects do dry seeds differ 
from fresh seeds P 

Put the dry seeds into water, and notice that in a few days they 
have swelled and beoome smooth and roundod, liko the fresh seeds. 
Fill a wooden box, at least a foot doop, with moist sawdust, bog moss, 
or soil, and plant seeds about half an inch below the surface. See 
Chapter III for dotails of germination In the young groon shoot that 
oomos abovo the soil notice the forms of the earliest leaves 

34. Seed-coat. —Examine from timo to time some dry seeds whioh 
have been plaood m watai, and notice that at first the surface beoomos 
thrown into folds Cut across the seed, and note that those folds are 
produced by a coal whioh encloses the oontents of the seed. Evidently 
the coat at first absorbs water and s\\ ells more rapidly than the con¬ 
tents ; this loosens the ooat and makes it much easier to remove in a 
seed that has been soaked in wator for a day or two The wrinkling 
of the seed-coat is vory marked in the Frenoh Bean and the Scarlet 
Runner. 

35. Micropyle.—How does the water enter the soed ? Is there any 
opening m the coat ? The folds seen in the soaking seed usually appear 
first around the edge of the soed ; this suggests that tho water enters 
somewhere on the edge Do you reoall how wo found out that 
various parts of the bean-plant contained air, winch oomnmnjoates with 
the atmosphere by openings on the surface of stem and leaves ? Per¬ 
haps the soed as it lost water took in air, as a piece of wood does in 
drying Drop some dry soods into wator that has just been boiled, and 
notioe the stream of bubbles given off Where do the air-bubblos 
escape ? Wipe this end of the seed dry, in some soods that have soaked 
for a few days, and look for the opening; squeeze the seed and see 
whether water oozes out. This opening is the micropyle (Creek, 
“little gate”). 

36. Seed-lobes, eto, —Removo the coat from a soaked seed, starting 
at the end opposite the soar. Note tho two large whitish seed-lobes or 
cotyledons , whose flat or slightly oonoave inner Rides are pressed against 
each other Whon you have stripped off the upper part of the ooat, 
pull off the rest of it (the part covering the soar end) entire, like a 
oup Note tho smooth tapering body projecting from between tho 
ootyledons and pom ting towards tho end of the soar where tho mioro- 
pyle is ; also note the little pocket on tho inner surfaoo of the seed- 
coat, into which tho projecting body fits. 

Now pull apart tho Beed-lobes, and remove one by breaking across 
the short stalk by which it is joined to tho thickest paifc of tho 
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projeoting body This brings to viow ft ourvod body lying between 
the seed-lobes, fitting into a groove on the flfit inner surface of oaoh 
lobe, and forming a continuous line with the projecting body Hns 
it, like the latter, an even surface, or does it Dear any outgrowths ? 
Examine it carefully with the lens, and try to turn baok the outgrowths 
with a pin, without tearing them, so as to make out the positions of 
the outer ones. 

37. The Seedling 1 (Figs 5, 6).—The first leaf above 
ground consists of a single piece with its margin cut by 
shallow notches into three lobes, the second leaf is divided 
deeply into three lobes, the middle lobe long and narrow, the 
lateral lobes broad and triangular. Then come several leaves, 
each consisting of two stipules and a short stalk which bears a 
pair of oval leaflets (note their folded appearance at first) and 
is prolonged into a ru dim entary tendril. After several leaves 
like this we get leaves of the mature type, in which the stalk 
is lengthened below the ter min al pair of leaflets, and carries 
two, three, or four additional leaflets Have these earhr leaves, 
like the later ones, buds in their axils ? In the first two 
leaves that appear on the young 
stem the tlnee lobes evidently 
represent the two stipules and 
the rudimentary tendril (or the 
end leaflet which sometimes re¬ 
places it). 

38. Seedling compared 
with Seed. —Carefully pull up 
a seedling without injuring the 
root, and compare the latter 
with the root of the mature 
plant. Trace the young root 
upwards and the young shoot 
downwards, and notice the torn 
seed-coat and the cotyledons. 

In the axil of each cotyledon 
there is usually a bud. The cotyledons are therefore leaves, 
though differing from ordinary leaves (foliage-leaves) in many 
respects. They are often called the " seed-leaves.” 

The yo ung plant, or see dling , has evidently grown from the 
whole of the seed-contents (i e everything inside the seed-coat), 
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for we have seen that even the cotyledons are leaves, having 
buds m then* axils The cotyledons are the first leaves of the 
young plant, which is called the embryo while still inside the 
seed The embryo consists of an axis which bears the two 
cotyledons at about the middle, and which ends m a root 1 
(covered by a root-cap) at one extremity and a bud 2 (bearing 
young foliage-leaves) at the other. 

39. Seedling compared with Mature Plant.—We 

have noted the simple form of the eaihest leaves as com¬ 
pared with the older ones. The cotyledons are opposite each 
other and are attached to the same point on the axis, but the 
eaily foliage-leaves show the same arrangement (alternate, m 
two opposite rows) os m the mature plant The root of the 
seedling shows the same general appearance and structme as 
that of the mature plant, into which it. grows, later on forming 
the chaiactenstic nodules 

If you were unable to get mature Broad Bean plants when 
you began woik, you will find it very easy to raise the plants 
from seed m pots of soil indoors or in'the garden Some 
plants should also be laised in “ culture solution ” 


QUESTIONS ON CHAPTER I 

1. Eor what purposes is tlia Brorul Bean giown (a) by tho market- 
gardener, or m kitchen-guidons, (7>) by the farmer in Ins holds ? 

2 At what times of year is tho Broad Bean oommonly sown, and 
during what months may it bo seen (a) in flower, ( b ) with ripe fruits ? 

3 How are the lateral roots arranged on the mam root in the Broad 
Bean, and m what dnootions do thoy grow ? 

4 Wnte down m two parallel eolimuiR the contrasted oharaoters of 
Root and Shoot, as to dneofcion of growth, colour, shape of mam axis 
and brandies, appendages caiTied on axis, ota 

5 Dosonbo tlio nakod-oye featuies of tho main axis (stem), the 
branches, and the loavos How are tho loaves arranged, and how are 
they related to tho branches? 


1 Tho root of tho embiyo is termed tho radiole. 

3 The shoot-bnd of the embryo is called the plumule. 
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6 Descnbe tlie mtornal structure of the stem, as seen in sections 
examined with a Ions 

7. Describe the uoneiul appeal mice of a leaf of Bioad Beau Skotch 
a single leaf, with the paib of the stem or bianoli from wlnoh it 
spimgs. 

8. Descnbe the airangoment of tlie hard tissue of root, stem, leaf¬ 
stalk, and leaflet. Try to account foi the differences you dosonbo 

0 Describe exactly what happens when you pour watei on the 
loaves of a Broad Bean plant. 

10 Describe the leaves of any otlioi plants belonging to the Bean 
family which you have examined, and compaio them with those of the 
Brood Bean, notmg the points of lesomblanoo and difference, 

11 Desonbe the naked-eye appearanoo of the vaiious paits of the 
Brood Bean flower, with sketohes 

12. Desonbe, from your own observations, what insects may be seen 
on the Bioad Bean plant or visiting its tioweis Wlnoh of those insects 
do you suppose aie injurious, and which useful, to tho plant ? 

13. Describe, from your own observations, tho changes that occur in 
the flower fiom the time it opens until the fiiut (pod) is upe. 

14 How does tho pod open if allowed to remain on the plant until It 
is quite npo, and what do you find inside it? 

15 Describe the external features of a Broad Bean seed, with 
sketohes. 

10. Desonbe tho parts seen after removing the seed-coat, with 
Bketohes 

17 Describe what happens when a diy Bean sood is placed m water, 
and what you see after planting the soaked Bcod in soil oi sawdust 

18. Desonbe a young plant (seedling) of Broad Bean, and ooinpare 
its parts with those soen In the seed 

19 How do the earliest leaves of the seedling differ from those of the 
mature Broad Bean plant ? 


B. F. M. 
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CHAPTER II. 


AIK, WATER, AND SOIL 

40. The Plant’s Surroundings.—In oidei to under¬ 
stand the physiology of plants it is absolutely essential to 
have a good working knowledge of the various factors which 
make up its surroundings—the chemical and physical pro¬ 
perties ot air, water, and soil We must also know some¬ 
thing about heat and light, which are of vital importance in 
plant-life 

Tins chapter should be referred to again and again during 
your woik on plant physiology and ecology. Do not stop 
now to read through this chapter , go on with your woik on 
seedlings and the rest of this book, coining back and reading 
this chapter bit by bit as your practical work on plants pro¬ 
gresses, also using it foi reference. 

41. Hints on Pitting up Apparatus.— -As you will be con¬ 
stantly called upon duimg the comae to accurately fit flasks, oto , with 
corks bored with one 01 more holes, and bend glass tubing to various 
angles, you had better master these simple operations at once 

(a) Pit a Plash of Medium Size with a Cork.— Select a cork a 
little too huge , wrap it in a piece of paper, and using gentle pressure 
with your foot, roll it to and fro upon the ground This softens the 
coik, and the nak of breaking the neok of the flask is lessened. If still 
too largo, file down the cork equally all round 

(&) Bore a Cork Lengthwise and Pit a Glass Tube tightly 
into the Hole made. —Select a oork-borer (Fig 8) slightly Iobs in 
diameter than that of the tube to be fitted into the cork 1 rlace the 


1 The cork-borer is a brass tube about 5 ms long sharpened at one 
end. At the other are two small holes opposite each other, through 
those the accompanying iron rod may be thrust to serve as a handle. 
The borers are generally put up in sets of three or more. 
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ooi k against the edge ot your bench, as shown m Fig 7. Pi ess the 
boier gently into the nanowor end of the coik and wuik it alternately 
round to light and loft The buror must bo sharp to make a oloan 
out, and the tube must lit tightly. 




Now take tho cork prepaiod in (a) and boie two paiallel holes m 
it similar in position to those m the wash-bottle (Fig. 11) 

(c) Cut some Glass Tubing* about £ m. in Diameter into 
Lengths 4 to 6 incb.es. —Lay llio tube flat on the bench and with a 
sliaip tiiangular file make a soiatch uuokb it where lequued, the 
pressuio used being icgulated by tlie thiokness of the tube Now 
hold tho tube m both liandH, with the soratoh away from the body and 
the tips of tho thumbs tout.lung each other just opposite tho soratoh 
Bioak tho tnl>e by bonding it as you would a thin Bliok, giving a pull 
at the same time Round off the sharp ends by fusmg them m the 
Bunsen flamo. 

(d) Bend some pieces of G-lass Tubing to form Sight 
Angles.— Use an cidiuaiy spreadmg gas flame lowered until it is 
about 2 ins. aoross Plaoe the tube over the flame for a few seoonds, 



and gradually bring it down into tho hottest pait, as shown m Fig 9 
Turn the tube louud anil round till it softens, then allow ono end 
to fall until it nuikeB tho required angle The bend should be round 
and smooth, without buckling; the Bunsen flame is apt to give buokled 
bends (Fig 10). 
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(e) Bend some Tubing 1 twice at Bight Angles so as to form 
Three Sides of a Rectangle. —Wlien laid down all three Bides must 
touoli tlie bench 

(/) Hake two Nozzles. —Hold a piece ot tub¬ 
ing by both ends, soften the middle, and pull the 
ends slightly apart. Gut tlie tube through and 
round oil the ends. 

(y) Complete the Wash-bottle. —Bend suit¬ 
able piecea of tubing to form angles equal to those 
neon m the wash-bottle in Fig 11. Push them 
through the cork piepared in (/>), and attaoh a 
nozzle by moans of an moh or bo of lubbei tube. 

42. Experiments. —In making experiments, 
sketch tlie apparatus used Make noteB of tlie 
matenalB experimented with (name of plant or part 
of plant, nuniboi, condition, stage of growth, eto ); 
the dmation of tlie experiment, date, time of day , 
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the external conditions (temperature, light-intensity, humidity, baro- 
metei -reading, eto.), the precautions whioh seem necessary and the 
sources of error wlnoh may Bpoil the results 

Always make 6 ‘ control* 5 oi “check” experiments, using the same 
form of appaiatus, set up at the same time, but with one or other of 
the conditions different, e g in daikness instead of light, with the 
plants omitted; with killed instead of living plants , with plants in 
different stages of growth Also make “repeat” experiments, using dif¬ 
ferent plants under similar conditions or the same plants at different 
times ot year or day, eto. 

If your experiments do not suooeed, try ogam; if they give dis¬ 
cordant results, tiy to account for these and to think out a method for 
a lepeat experiment midei different conditions, with speoial piooau- 
tionB, or fot making a new experiment altogether In drawing con¬ 
clusions, alwayB try to distinguish between probability and actual 
proof. 


43. Balances and Weights. —For various experiments with 
plants you will need (1) a rough balance for large weights, and (2) a 
liner balance for smaller weights. For the first, cooking-scales with 
weights from 7 lbs to J oz., or a cheap spring-balance, wifi suffice If 
you have not a small balance, get a cheap pair of apothecaries* scales 

i about 4s ) and suspend them from a “1 -shaped wooden frame fixed to a 
joard below If you get a single gramme-weight and the fraotions, you 
oon make duplicate gramme-weights from sheet-lead 
The metric system of weights should be used The unit of length 
in this system ib the metre, a platinum rod kept in Paris and ongnnally 
supposed to be a tenth-millionth part of the distance from the North 
Polo to the Equator The metre is multiplied and divided by 10 for 
the higher and lower measures of length, the Greek prefixes deca 
heclo and bio- represent 10, 100, and 1000, and the Latin prefixes 
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dcci-, centi -, and with- represent 1, 01, and ‘001. The same prefixes 
are used m the other measures The unit of volume is the oubio deci¬ 
metre, or litre, but the oubio centimetre (i e the millilitre), usually 
written “o o.,” is often used for volumes less than a htie (1000 o.os ) 
The weight of 1 o o of distilled water at 4° 0 is the unit of weight, 
the gramme, with multiples and subdivisions os before 
Plaoe an moli-mie graduated to tenths or eighths and a oentimetre- 
rale graduated to m mi metres edge to edge, and find how many oenti- 
metres are equal to a foot. If the soales are acourate, you should get 
the number #0 5. 


Metric Equivalents (Approximate). 


1 inch * 2*5 oentimeties. 

1 ounce (avoir ) = 28 grammes. 
1 fluid ounoe = 28 o os. 


1 centimetre = § inch. 

1 gramme =15 grams. 

100 o.os. = 3J fluid ounces. 


44. Thermometers. —An instrument for measuring temperature is 
oalled a thermometer, and the one in most general use is the Mercury 
Thermometer. This consists of a glass bulb containing mercury, and 
a tube of very fine boie wlnoli is joined to the bulb and sealed of! at 
the top. All liquids expand when heated (as also do ordinary solids 
and gases), so that a rise of tenqperatiue causes the mercury to expand 
m the bulb and hence to rise m the capillary tube The narrower 
the bore of the tube, the gieatei will bo the rise of the mercury in it, 
and in this way the expansion of the mercury, which is really very 
slight in amount, is made readily visible. 

If the bulb is placed m melting ice the point to wlnoli the meroury 
sinks in the tube is maikcd freezing-point, 0°Centigrade or 32°Fahien- 
heit. On placing the instrument m steam at atmospheno pressuie, 
the boiling-point of water is indicated, and is marked 100° Centigrade 
or 212° Fahrenheit The tube is marked off into degrees between 
these two points, the fieezmg- and boiling-point of watei On the 
Centigrade softie there will be 100 divisions between the two, and on 
the Fahrenheit Roalo 180 

Meroury freezes at - 30° C and boils at 357° C , so that it cannot be 
used for temperatures above and below these limits The freezing- 
point of aloohol is lower than that ot meroury, and henoo it oon be 
used for still lower tompoiatureR , but smoe alcohol boils at 7S° C it 
oannot be used for temperatures at all approaching that of boiling 
water 


45 Maximum and Minimum Thermometers.— It is often 
necessary to know the highest or lowest temperature reached in a 
given interval of time Foi instance, it is usual in making meteaio- 
logical observations to reooul the highest (maximum) temperature 
attained dunng the day, and the lowest (minimum) temperatme 
reached during the night. For these purposes maximum and minimum 
thermometers are employed 
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Six'8 maximum, and minimum thei inomcter is one of the oldest of its 
olftss, and is at once a maximum and a minimum thermometer. Its 
general plan of construction is shown in Fig 12 
The bulb b and part of the stem down to m aie 
filled with alcohol Tins is the leal thermometrio 
part of the instrument; the column of mercury, 

I m which occupies the U-shaped part of tho 
tube, meiely aots as an index The tube above 
m’ and the lower prut of the bulb a are filled with 
alcohol, the upper part of c contains only alcohol 
vapour, so as to allow for expansion 

As the alcohol in n expands or contracts, the 
extremities, m and m\ of the meroury oolumn 
use or fall os the case may be, and the extreme 
point reached in each case is indicated by one ond 
of a light steel index, * or i' (shown on a larger 
scale at i) This index, is pushed before the 
meroury column, and is pi evented from returning 
by means of a spring, a, which is just strong 
enough to hold it m its place The position of 
the index i evidently indicates the minimum 
temperatureTeached, and that of t' the maximum 
temperature When it is lequired to set tho 
instrument ready for any observation, these ra¬ 
dioes are brought into contact with the ends m 
and m' of the mercurial column by means of a 
small magnet This instiument is largely used 
by gardeners and nurserymen 

46 Black-Bulb Thermometer —This ib an instrument used for 
measunng the amount of radiation from the sun that falls on a given 
spot (Fig 13) It consists of a thermometer whoso bulb is coated 
with lamp-black This substance is used because praotioally all the 



Fig 12 



rays of sunlight that fall on it servo to iftiso its temperature; tho 
latter, measured by the meioury, gives therefore a good indication of 
the intensity of the xadiation As the lamp-black would readily part 
with some of its heat to the air, and the constant motion of tho air 
would soon carry off a good deal of beat, tho black-bull) thermometer 
is usually on closed in a glass fiom which the air has been pumped 
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An ordinary thermometer, if placed in direot sunlight, would aot m 
the same way but less perfectly. But what is usually wanted from a 
thermometer is the temperature of the air that is why thermometers 
are plaoed “in the shade,” where they are not dueotly warmed by the 
sun’s rays The faot that the temperature of the air, shown by an 
ordinary thermometer in the shade, is much less than that of tho 
lamp-blook shown by the blaok-bulb thermometer, is a striking illus¬ 
tration of the smallness of the heating effect of the solar rays on the 
air through which they travel In toot, the warmth of tho an* is 
ohiefly produced by contaot with tho earth, not directly by the sun’s 
rays, and in the higher regions of tho atmosphere the air is very cold 
in the brightest sunshine, 

47. Surface Tension. —The free surface of water (and other 
liquids) behaves much os though it were coveied by an elastic mem¬ 
brane (surface film) It is this surfaoe aotion that draws the raindrop 
mto the form of a sphere as it falls through the air, and that causes 
water to form into spheres on a dusty floor or on the leaves of many 
plants The cause of surface tension is the attraction of the particles 
(moleoules) of water for each other This attraction extends through¬ 
out the liquid, but only the moleoules at the surface show its influence, 
because it is only these that aio not pulled evenly in all dnoctious by 
water-moleoules on every side 

48. Capillarity, Capillary Attraction —When open glass tubes, 
having a very small boie, are held vertically ma liquid, tlioie is always 
a difference between the level of the liquid inBido tho tube and that of 
the liquid outside. If a glass tube of this kind bo placed in water, the 
level of the water in the tube will he above that of tho water outside, 
and the surfaoe of tho water m the tube will bo concave In tho oase 
of mercury, the level msido will be below that outside, and the surface 
will be oonvox. Tho finor the tube, the moie marked will the result be 
The liquid only osoends when it is capable of wetting the sides of tho 
tube 

Henoe we have two lands of capillary action—in one the liquid wets 
the tube, ascends, and has a ooncave surface, in the other it does not 
wet the tube, descends, and has a convex surface We need only deal 
with the capillary asoent of water, which is of importance in plant-life 
If the tube (supposed ciroulai in oross seotion) is 1 in in diameter, tho 
water rises 0 054 in ; if 0 1 in, dihmotev, the water rises 0 54 m , and 
so on In a tube 0 001 m diametei the water rises 54 ms 

This capillary aotion is closely connected with tho surface tension of 
tho water, and it is therefore natural that tho total lifting force which 
supports the oolumn of water should be proportional to tho oil cum- 
ference of the tube Tho circumferences of tubes increase in the same 
proportion as their diameters, 1 lienee a tube 0 1 in diameter will lift 
above the water-level ten times as much water as a tube 0 01 m 


1 Circumference of a oirole = 3*14 X diametei 
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diameter. But the area of the water-column increases as the squat es 
of the diameters of the tubes, 1 hence the wider tube will only lift its 
oolumn one-tenth as high, as the narrower one, its load being then ten 
times as great The following tablo sJiowh the relotion between the 
diameter of a cylindrical capillary tube, tho volume of water raised, 
and the height of the water oolumn • 


DIametor Volume of Height of 

of tube wnteriftlsed water-column 


10 m, 0 0429 oubio in 0 0546 m 

0 1 „ 0*00429 „ 0 546 „ 

0 01 „ 0*000429 „ 5 46 „ 

OOOl,, 0 0000429 „ 54 6 


Very fine tubes that show thiB phenomenon well are oalled capil¬ 
lary {i e. hair-like) tubes, aud the phenomenon is known as capillary 
or oajullary attiaction and repulsion The “soaking up” of ink by 
blotting-papei is an example of capillary attraction, the fibres of tho 
blotting-paper Ijemg really minute tubes, whosesubstauoe ib “wetted” 
by the ink, so that tho level of the liquid rises considerably in the 
tubes Otlioi oases are the “ suokmg up ” of water by a lump of sugar, 
the rising of the melted wax in the wiok of a burning oandle or of oil 
in a lamp-wick, and the diffusion of water through soil 


49. Capillary Tubes.— Fix upright m ooloured water a few clean 
glass tubes whose bores vary m diameter from au inch down to that of 
thermometer tubing It will be found that the water rises a little 
way up oven the widest tube , whilst m the smallest it mounts an inoh 
or more above the outside level The smaller the bore the higher the 
water rises. 


50. Osmosis —When dry raisins are placed in water, they swell up 
]ust as dry seeds do On the other liand, if fresh grapes are placed in 
a strong solution of sugar, they shrink. The swelling of the dried 
seeds or laisms and the shrinking of tho fresh grapes are due to osmotic 
pressure 

If we plnoe in a vessel of water a bladder filled with a strong solution 
of a substanoe having an “attraction” for water, eg sugar, a large 
amount of the watei will diffuse (pass by osmosis) into the bladder 
{endosmoms), while a small amount of the solution will diffuse out 
(exosmosis) The weaker solution diffuses faster, and tins continues 
until the same concentration is acquired, when it is equally rapid 
m both directions, and henoe apparently ceases Meanwhile oon- 
sideiable pleasure is set up inside the bladder, owing to rapid 
ondosmosis. 


1 Area of a oirole = 785 x square of diameter 
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diameter But the area of the water-column increases as the squares 
of the diameters of the tubes, 1 lienee the wider tube will only lift its 
column one-tenth as high as the narrower one, its load being then ten 
times as great The following table shows the relation between the 
diameter of a cylindrical capillary tube, the volume of water raised, 
and the height of the water oolumn 


Diameter 

Volume of 

Height of 

of tube. 

watei laiaed 

water-column 

1*0 m. 

0 0429 oubio in 

0 0646 in 

0 1 „ 

0 00429 

0 646 „ 

0 01 „ 

0 000429 „ 

6-46 „ 

0 001 „ 

0 0000429 „ 

64 6 „ 


Very fine tubes that show this phenomenon well are called capil¬ 
lary (* e. hair-like) tubes, and the phenomenon is known os capillary 
or capillary attraction and repulsion The ‘‘soaking up” of ink by 
blotting-paper is an example of capillary attraction, the fibres of the 
blotting-paper being really minute tubes, whose substance is “wetted” 
by the ink, so that the level of the liquid rises considerably in the 
tubes Other oases are the “ sucking up” of water by a lump of sugar, 
the rising of the melted wax m the wiok of a burning candle or of oil 
m a lamp-wiok, and the diffusion of water through soil 


49. Capillary Tubes.— Fix upright m coloured water a few clean 
glass tubes whose boies vary in diameter fiom an inch down to that of 
thermometer tubing It will be found that the water rises a little 
way up even the widest tube , wiulst m the smallest it mounts an inch 
or more above the outside level The smaller the bore the higher the 
water rises 


50. Osmosis.— When dry raisins are plaoed m water, they swell up 
just as dry Beads do On the other hand, if fresh grapes are plaoed m 
a strong solution of sugar, they shrink The swelling of the dried 
seeds oi raisins and the shrinking of the fresh grapes are due to osmotic 
pr mure. 

If we place in a vessel of water a bladder filled with a strong solution 
of a substance having an “attraction” for water, eg sugar, a large 
amount of the water will diffuse (pass by osmosis) into the bladder 
( endosmosis ), while a small amount of the solution will diffuse out 
(e xosmosis) The weaker solution diffuses faster, and this continues 
until the same concentration is acquired, when it is equally rapid 
m both directions, and lienoe apparently ceases Meanwhile con¬ 
siderable pressure is set up inside the bladder, owing to rapid 
endosmosis 


1 Area of a circle = 785 x square of diameter. 
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51. Thistle-Tube Experiments.— [a) Get a thistle-tube {“ thistle- 
funnel,” with 18-moli tube, 3d or 4d ), and 
prepaie a strong (about 10 per oent) solution of 
sugar, oolounng it by adding red ink if tlio 
experiment is to be shown in a olass Get a 
butcher to olean, inflate, and dry a sheep’s 
bladder foi you ; out out a piooe large enough to 
tie over the wide mouth or the tube, and soak 
it in wa ter 

Plug the narrow end with a bit of plastiome, 
pour into the wide end enough solution to 
fill the head and an inoh or so of the narrow 
part, tie over the mouth the piece of bladder, 
invert the funnel, and remove the plug of 
plastiome Then fix the “funnel,” head down¬ 
wards, into the oork of a wide-mouthed gloss 
]ar containing water, so that the coloured sugar 
solution in the tube is level with the water 
(Pig 14a) Observe the use of the liquid in the 
tube of the funnel, also show that a little of the 
sugar solution diffuses into the water, by evapora¬ 
ting the liquid in the dish to drynosR, when a 
small residue of sugai will remain If the sugai solution used is strong 
enough, the presence of sugar m the water outside of the thistle-funnel 
may be deteoted by tasting 

(b) Repeat the experiment, using common salt (about 20 per cent) 
instead of sugar m the bulb and distilled water instead of tap water 
in the jar Prom time to time take a little water out of the jar, put it 
in a test-tube, and add a drop of silver nitrate, a white precipitate 
shows the presenoe of salt m the water 

When the liquid stops rising in the tube take the thistle-funnel out, 
replace the water with a very strong solution of salt, put the bulb in 
again, and note that the liquid now falls in the tube (why 7) 

(c) An interesting modification of the foiegmng experiments can he 
made by having the Ralt or sugai solution in the jar and distilled or 
tap water filling the thistle-tube What happens in this oase 9 


52. Osmotic Pressure.— Careful experiments with suitable mem¬ 
branes have shown that the osmotio pressure set up by a 1 per oent. 
solution of saltpetre is enough to support a column of water over 
100 feet high, t e equal to a pressme of 3£ atmospheres, or more than 
50 lbs per square moll. Some idea of osmotic measure may be ob¬ 
tained by using apparatus fitted up like that shown in Fig 18b (a 
tlnstle-tube like tins oosts about 6d ), the pressure being measured by 
the rise of the mercury in the bent tube The pressure set up by 
endosmosis has an important application in connection with root- 
absorption and other processes in plant-life. 



Fig 14 
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53. Properties of Water,—Water is absolutely essen¬ 
tial in all tlie active life-processes of plants. We must, 
therefore, study the properties of water, so far as they bear 
upon plant-life 

Water exists in the tlnce states of ice, liquid water, and 
steam (or water vapour) It is never found in a stato of 
purity m nature, liecause nearly all substances are more or 
less soluble in it Even rain-water contains gases dissolved 
from tbo atmosphere (oxygen, nitrogen, carbon dioxide, am¬ 
monia) Spring or river water contains various dissolved 
salts, which are earned into the sea hy the rivers and there 
left behind, when the water evaporates to form clouds, 

Whon water is boiled the dissolved gases are driven out of 
solution, and if the water is entirely evaporated the dissolved 
solids are left behind as a residue Thus it is clear that, 
only the water evaporates, and if the watei-vapour (or 
steam) is cooled, it condenses, and pure (distilled) water is 
obtained. 

Water expands when heated from 4° 0 up to 100° C. 
(boilmg-pomt), and contracts when cooled from 100° 0. 
down to 4° G Below 4° O , however, it expands again, and 
at 0° 0 (freezing-point) turns into ice, expanding during 
fieezmg to ffths the volume of the water When a plant is 
exposed to gieat cold, the expansion of the water duiing 
freezing often forms cracks m the tissues The action of 
frost helps m form mg soil from the underlying rock, and 
also breaks down the rough clods left hy the plough into a 
fine seed-bed If water contracted on freezing, the ice as it 
formed would sink to the bottom, and thus a spell of cold 
weather would convert our livers, lakes, and pools into blocks 
of solid ice 

54. Conduction and Convection. —Watcu is a bad conduotoi of 
beat, but is rapidly liented uniformly throughout if convection our routs 
are set up When heat is applied to the bottom of a vessel oontaimng 
water, the lower layers, being heated, expand, become lighter, and rifle 
to the surface, while the heavier cold water steadily descends to bo 
wanned In natuio, however, ponds and streams aie wanned and 
cooled fiom the top, so that tho Buiface layers may become quite 
warm while the liottom layers are very cold In winter tame as the 
surface water cools and becomes heavier it descends, the warmer water 
rising from the bottom, and tins goes on until all the water is at 4° 0. 
Then the surface layers begin to expand and a layer of ice forma, 
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winch keeps in the heat of the water beneath Henoe it requires very 
great and prolonged oold to freeze through a deep pond 

(a) Conduction.— Load a pieoe of loe by twisting a pieoe of copper 
wire round it, and sink it in a long test-tube nearly full of water Fix 
the tube in an inclined position on a retort stand, and heat it near the 
top with a spirit lamp It will be found that the top may be boiled 
before muoh of the loe is melted 

{b) Convection. —In a beaker of water strew some paper pulp or 
sawdust Plaoe it on a piece of wile gauze on a tripod stand, and 
when the water has become nearly still, put the flame of a Bunsen 
burner under the middle of the beaker Note the osoent of the warm 
water up the middle of the beaker, and the indraught of oold water 
from the top and sides 


55. Speoiflo Heat. —Of all substances water has the greatest 
oapaoity for heat. The specific heat of a substance is the ratio between 
the amount of heat required to raise the temperature of a given mass 
of the substance 1° 0 and the amount of heat required to raise the 
temperature of an equal mass of water 1° C The same amount of 
heat that will raise the temperature of l lb of water from 0° to 1° 0 
will raise 1 lb of sand from 0° to 6° C 

Owing to its groat speoiflo heat, water absorbs muoh more heat in 
warming, and gives out muoh more heat in cooling, than an equal 
weight of almost any other substance. Henoe the value of water in liot- 
watei pipes, foot-warmers, etc Island oountries enjoy a more equable 
chmate than continental countries in the same latitude, because land is 
more easily heated or oooled than water 


56. Latent Heat. —When ice nt (f 0. lias heat applied to it, its 
temperature does not rise so long as any loe is immelfced; the heat 
energy supplied is used up in changing the solid ice into liquid water. 
About 79 heat-units are lequnod to melt 1 lb of ioo into water at 0° C 
When water has been brought to the temperature of boiling, it ceases 
to beoorne warmer so long as boiling oontmues , the heat supplied is 
used up m doing the woik of ohangmg water into steam ADout 537 
heat-units aio required to oliango 1 lb of water at 100° 0 into steam 
at the same temperature The amounts of heat requned to change ioq 
into water and water into steam are oalled the latent heatB of ice and 
of steam. 

There aro some familiar offeots oonneoted with the magnitude of the 
latent heat of water After all the water m a pond has oooled to the 
freezing temperatiuo, a long time elapses before any great tluokness of 
ice ib formed, even if the frost be severe. The great amount of heat 
latent in the watei takes time to radiate One of the reasons why 
snow lies permanently on high mountains is that the latent heat of 
water is so great that the sun’s rays aro unable to provide sufficient 
heat to melt all the snow that falls in a year. 
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57. Unit of Heat. —To compare the lient oapaoity of any Bubstanoe 
with that of water, we take equal masses, and we may take as unit 
quantity of heat the quantity required to raise a certain mass of water 
1° C in temperature 

The mass usually taken is 1 gramme, and the theimal or heat unit 
so defined is known as a calorie If it be more convenient in working 
out an example, 1 lb or 1 oz may be taken as the unit of moss instead 
of 1 gramme 

58. Composition of Water.—Water is a chemical com¬ 
pound, consisting of two elements, 1 liydiogen and oxygen, 

which are chemically muted This com- 



element is a substance which has never been 
two or more different substances 


separated into 
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and applying a liglit, this gas is found to burn with a blue 
flame This gas is Bychogen Examining the gas m the 
other tube in the same way, we find it does not burn, but it 
allows othei substances to bum in it in a more active way 
than they do in the air This gas ib in fact Oxygen, the 
constituent of the atmosphere which takes part m the process 
of combustion. We have thus malysed or spht up water 
into two substances 

That watei is really composed of Oxygen and Hydiogen in 
chemical combination can be shown by the reverse process 
— synthesis —that is the production of water from Oxygen 
and Hydrogen. This is done by passmg an electiic spark 
through a mixture of the two gases in the pioper propor¬ 
tions, when water is formed. 

59. The Atmosphere.—As the life-processes of plants 
(and animals) depend on a supply of an*, and are gieatly 
influenced by changes in it, the properties and composition 
of air must be thoioughly undei stood by the student of plant- 
life Beans get most of their food from the an, directly 01 
indirectly Water is brought to the roots in the soil as lain, 
carbon and nitrogen, two essential elements m the Bean plant’s 
food, also come from the ah, as we shall see later. 


60. Air is Material and has Weight. —It ib difficult foi many 
young students at first to realise that air is os much a material thing 
as the water and earth around them Gases with striking pioperties 
do not present the same difficulty. The ooloui of ohlonne, the oaoui of 
coal-gas, oonvinoe us of the reality of these. But the ever-piesent air, 
without odour, taste, or ooloui, occupies in the mind of the beginner a 
position quite by itself The difficulty is moreasejl too by Buok familiar 
phrases as “empty bucket,” “nothing in the jug,” eto All will 
recognise that a stone must be removed before another body can be 
put m its plaoe; some, that water is displaced when other bodies 
are dropped into it , but probably none are oonsolous of domg an 
exactly similar thing to air when they pour water into an “empty 
buoket ” 


Physicists tell us that all material things, or “matter” as they oall 
it, possess weight If therefore we can bIiow that air can be weighed, 
it will help to convince us of its material nature It might ocour to 
you that this could be done by weighing a bag first empty and after¬ 
wards filled with air The ancient philosophers tiled tins way and 
found that the weight cbd not alter , they therefore concluded that air 
has no weight. This shows us the danger of makirto- + — 41 

out testing their truth m several w' BMore 

27 7<S *?».. 
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bag we will take a glass flask and use a delicate pan of scales, or balance, 
for tlie weighing. 

Select a flaak ratliei large and pieferably round Fit it with a 
rubber cork pioioed by a glass tube 3 or 4 ms long, over winch is bound 
tightly a piece of rubbei tube Tie round the neck a piece of thin 
copper wire to hang the flask up by Having seen that eveiything is 
quite dry and clean, hang the fkiBk, together with another bit of wire, 
over the scale-pan of a balance, and very carefully weigh it. 

Considei wliat we have weighed There aie flask, cork, glass and 
rubber tubes, tin ee pieces of wire, and the air inside the flask. 

Next suck out as much an as you can, usuig a glass mouthpieoe bo as 
not to wet the rubber tubmg, which was weighed diy, and then double 
back the lubber tube, binding tightly the extra piece of wire round it 
to prevent air leaking back into the flask. Remove the mouthpiece 
and weigh the whole again 

The weight will now be found to be less than before Since every¬ 
thing is pioscnt as at the first weiglung, with tho exception of the 
withdrawn air, it is reasonable to assume that the difference m weight 
represents that of the an sucked out 

But wo can go far ther than tins If you loosen the rubbei tube whilst 
held beneath water, some of the luttei passes into the flask, evidently 
taking the place of the removed an Do this carefully, and measure 
the volume of water received by pouring it into a iueasurmg vessel 
Tho measuioment evidently represents the volume of air sucked out, 
and we now know both weight and volume of this air. From youi 
leBults calculate the weight of a litre of air, if your experiment has 
been carefully done, your answer should be somewhere near 1 3 gramme 

61. The Pressure of Air.— If, then, the air has, in common with 
solids and liquids, the property of weight, how meat must be the 
downward prossui e of the atmosphere, whioli extends to the height of 
a hunched miles above the earth 1 An picsses against everything it 
touches Tho magnitude of the prcssui e is independent of its cm eotion j 
it is os great late} ctliy and upicai'da as it is doivnivut ds 

(a) The machine called an “air-pump” is designed to remove air 
from the interior of vessels, and it does so fai more effectively than 
mouth auction The* strong glass vessel from which wo remove more 
or less of the air stands on a greosed glass plate, and is called tho 
“receiver” , tho grease makes an air-ticnt fit 

Place within tins i eceiver a rubber bag only partly filled with air 
and with its moutli securely tied Tho bag appears collapsed. But 
proceed to exhaust the receiver and note what happens The bag fills 
out and the walls become stretched , evidently by the air left within it 
and whose pressure thus becomes apparent chrectly we remove a little 
of die air around it. 

On allowing air to re-enter the receiver and exert its full pressure 
onoo more, the bag is squeezed book to its original limp state 

{b) Tie securely a piece of tlnn sheet rubber over the open top of the 
receiver Urease the ground edge of the receiver before plaomg it on 
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the plate of tlie pump Give a few sUokcs of the piston to lemove a 
little of the air uom tko lecoivei, wlion ovidonoe of outoi air-piessuie 
will bo obtamed 

(c) Fill a small jai or tumbler with watei, place a oaid over the 
mouth and invert the ]ar. Why does the water not riui out 9 

62. The Barometer —The first uotual measurement of the pleasure 
of the atmosphere is due to Torricelli (1643), and Ins experiment 
resulted m the mvention of the morouual barometer. 

A glass tube about 33 ins long and dosed at one end is completely 
filled with meroiuy The open end is then dosed with the thumb, the 
tube inverted into a cup of meroiuy, and the thumb then removed, 
ouie being taken not to allow any air to get into the tube The ineroury 
at once sinks and leaves a deal space at the top of the tube, and the 
height of the column of meiciuy above the suiface in the cup ib found 
to be about 30 ms. or 760 mm The space above the mercury is prac¬ 
tically a vacuum, it contains a minute quantity of meroiuy vapour 
Hence theie is no pressure on the top of the meioury column. The 

S iessure of the air on the mercury in the cup must be equal to that 
ue to the weight of the column of meroury in the tube The height 
of tins column tlieiefore measures the weight or pleasure of the atmo- 
spheie, and if tho tube is furnished with a scale foi leaduig off the 
height of the meiciuy, the apparatus is a meiouiial barometer. If the 
tube is of uniform boie, anti say 1 sq cm m section, the meicury 
in the column will weigh 1033 giammeB; a watei culunm ot equal 
section and 76 oms high will weigh 70 grammes, and mercury is 
13 50 times heavier than watei So tho on-pressure pel sq. om is 
1033 giammes, or, in our system of weights and measures, with a 
tube 1 sq m m section, the meicury column (nearly 30 ms long) 
would weigh nearly 15 lbB —that is, the air-pressuie is nearly 15 lbs 
per square mob 

63. Air-Pressure Varies. —Havmg filled a tube a metie long 
with meicmy and inverted it m a dish, if you measure the column 
from day to day you will scarcely evei find two succeeding meaBUie- 
ments exactly the same Yet under ordinary onoumstanoes it will 
always be somewhere between 28 and 31 ms. It is evident, therefore, 
that the air-pressure, though always considerable in amount, is not 
constant, bub may vary between fairly wide limits. As these varia¬ 
tions have consideiable effect upon the weather, it is important that 
they should be oonstantly noted 

64 Barometers —These oie instruments designed for this pur- 

S ose. Theie are two kinds, of which the mercurial barometer 
epends upon the principles just oxplamed The simpler forms of 
tins instrument resemble the bent tube (Fig 16), and are known as 
“siphon barometers.” A scale for reading the length of the mereuiy 
oolumn is eitliei etohed upon the tube itself, or is affixed behind it 
If, as rarely happens, the tube is constant m bore, the scale is necessary 
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only for a few mohee at the top A use 01 fall, say of 1 cm., really 
shows a diffeience in length of the column of 2 oms. 

“Cistern barometers” are practically straight tubes 
inverted m open vessels of mercury In Fortin’s baro- 
metei there is an arrangement for bunging tile surface 
of tiie mercury m tins vessel to a fixed position, so 
that the top reading only is necessary. 

The aneroid barometer is now very commonly 
usod, on oooount of its portability No mercury is used 
in its construction. It oonsists of an an-tight metal box, 
generally disc-sliapod, and almost exhausted of all air 
The top is so flexible as to l espontl to the variations of 
the oil-pleasure upon it, and the slight movement in or 
out is magnified by a system of level's and communicated 
to a pom ter which travels over a dial The scale on 
the latter is so fixed that the indications of the pointer 
couespond with the heights shown by a mercurial baro¬ 
meter. 




65. Use of Barometers in Forecasting 1 the 
Weather. —If you examine a 41 wrathoi chart” issued 
by the Meteorological OJfiuo, or that which appears 
daily m The Timed newspaper, you will find upon a 
map of the British Isles a scries of more or less parallel 
hues called “leubars ” The liumbei attached to each 
lme allows tliu height of the baiomoter in inches at a 
given timo for all places through which tliat lme passes, 
supposing they aic situated at the sea-level Thus, from 
a number of readings taken at the same tune by ob- 
sei vers fur apart, wo loam another very important fact 
about uir-piassure —viz that its amount is novel the 
same even over small areas. Fig 17 is a copy of a 
ohart for January 12, 1905, from which you will see 
that, on that date and far the area Hliown, the pressure 
was greatest over oentral France and least over central 
Sweden. 

Suoli a chart thus indicates ( 1 ) the regions of wind and calm—for the 
air will naturally move from those of high pressure towards those 
where it is low, (u) the relative velocity of the wind—for the oloser 
these regions aic together tho rnoro rapidly will the air tend to move , 
and (ill) the direction of tho wind. Contrary, however, to what we 
might expect, the wmd does not blow directly across the isobars, but 
more or less parallel to them. It is found that in our northern hemi¬ 
sphere, if you turn your back to tho wind, tho low-piessmc area will 
be upon yoiu loft hand [See if this agrees with tho chart, in whioh 
tlio direction of the wind is shown by the anows.] And so by remem¬ 
bering the character of the wmd winch blows fiom any particular 
direoQon— i.e. whether it is chy or moist, cold or warm, etc —the 
probable weather conditions of any partioulai locality on the date m 
question may be roughly determined. 


Fig 10 — 
Blphun 
Baromotoi. 



AIR, WATER, AND SOIL. 



Rig. 17 

[Tnurted by pemistlon of the Controller qf Bis Majtaty'a Stationery Office*] 

B F. M 3 





13th 14th 15th 16th 17th 18th 19th 20th 21sfc 22nd 23rd 24th 

Uncon ected bai onmetnc leadings attain and 9 p m and weather notes , 

January , 1906 


34 


AIR, WATHB, AND BOIL. 


Mm. qf Mercury,. 



Kg. 18, 


AIE, WATHB, AND SOIL. 35 

But thia is not prediotion To be able to do this, and then only for 
a shoit time ahead, it is neoessary to follow for some days previously 
the movements of the areas of low and high pressure, ana note the 
direotion they appear to ho taking This requires expeit skill and 
knowledge What is of more importance to the average individual is 
to be able to predict the weather for his own looahty j and this oan be 
done with some degree of occuiaoy only by watching carefully the 
behaviour of Ins barometer 

The ordinary “ weather glass ” is a siphon barometer with a 
mechanical contrivance for magnifying the amount of rise and fall 
of the mercury On the exposed suiface of the 
latter floats a glass weight connected with a fioely 
hanging counterpoise by means of a thread passing 
over a pulley (Fig 16) The lattei carries a pointer 
which plays to and fro over a dial mBoiibed “Fail,” 

“Change, “Rain,” etc. Too muoh reliance must 
not be placed upon these mterpretations A little 
consideration will show that the important points 
to note are ( 1 ) the direction , and (n) the velocity of 
the motion of the pointer 

Generally speaking, a steady haiometer points to 
a continuation of the weather conditions , a t ising 
barometei points, if slow, to fine weathei, if rapid, 
to unsettled weather, a falling barometer indicates 
wet, and if the fall bo rapid, wind as well See how 
these statements agree with the weather noteB m 
Fig 18. Make readings of the barometer daily, 
ana rocord them on squaied paper, connecting them 
to form a curve as shown m Fig 18, whioli is a por¬ 
tion of an unoorreoted record for January, 1906 
Daily notes on the accompanying weathei changes 
are also given. 

66. Effects of Pressure and Temperature 
on the Volume of Air. —Air agrees with other 
gases m obeying the law of Boylo and Mariotte— 
t e. that the volume of a given weight of gas vanes 
inversely as the pressure to which it is aubjootod, 
provided the temperature remains the same That 
is, when the pressure on air is doubled, its volume 
is halved, and vice versa 

Tins law may be verified by means of the bent 
tube (sometimes called Boyle’s tube) shown in 
Fig. 19 The gas to he experimented on is plaoed 
in the shorter olosed limb, and the quantity of oy 

mercury m the bend is adjusted so that the level, 
in eaoh limb, is at the zero of the corresponding scale and also in 
the same horizontal line. Meroury is then poured into the long 
limb, and it is found that as the pressure on the gas in the closed 
tube is moreased its volume diminishes, and by observing the volume 




36 AIR, 'WATER, AND BOIL 

corresponding to different pressures the law given above will be 
found true 

It is well known that ait expands when wanned Experiments have 
shown that dry an and other gases expand about of then volume 
at0°O. foi every moiease in temperature of 1°C ana contiact by the 
Bame amount for every decrease of 1°C , provided that the piessuro 
remains the same This ib called the Law of Charles. 

67 Wind. —The higher we asoend into the atmosphere the oolder it 
beoomes. The passage of tho sun’s lays through the air oauBos little 
elevation of its temperature, but the lower layers, leoeivmg warmth 
fiom the quickly-heated soil, nee upwards, while the ooolei air above, 
and thaL lying ovei the sea, stream into its place 

The following experiment will serve to illustrate these convection 
cunents of tlio air Make a hole towards each end of a well-fitting lid 
of a oigar-box Place a piece of lighted caudle m the box exaotly 
underneath one hole, and stand a glass chimney over both Now hold 
some Bmouldenug brown paper ovei each clnmuey m turn, and note the 
direction of the air-aurrents Next, place u piece of cardboaid over 
onB chimney and make the same observations as before 


68. Gaseous diffusion is the property of gases to mix 
thoroughly and completely even against gravity —i e a heavy 
gas will diffuse upwards and completely mix with a lighter 
gas, and a light gas will diffuse downwaids and mix with a 
heavier one 

Pill a glass jar with coal-gas over a burner and covei its 
open end, which must be kept downwards, with a plate of 
glass Set the jar on a jar of similai size and shape contain¬ 
ing an , on removing the plate and allowing the gases to 
diffuse for about half an hour, the lower jar will contain as 
much coal-gas as the upper one and can be lighted Coal-gas 
is, of course, much lighter than am 

69, Diffusion of Gases through Snail Openings — 

The same result would be obtained, after a longer time, if a 
partition of porous material, such as unglazed earthenware, 
were placed between the jars This can be shown by various 
simple experiments. 

(a) Take a pieco of glaBS tubing some ten or twelve inches in length, 
and proceed to close the one end with a layer of plaster of Pans in the 
following manner First mix a little of the plaster with watei, so as to 
form a thick cream , spread this mixture uniformly on a plate to the 
depth of cm eighth or three-sixteenths of an inch. Then piese down m 
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it ono end ot the clean diy glaHs tubo, and allow it bo remain undis¬ 
turbed until tlie plaster lias “set” (bcooino solid), winch should take 
place m ton or fifteen minutes. Slide the end of the tube off the plate, 
and set it aside for a few hours to dry 
Covei the plastei puitition with a oap of tinfoil and fill the tube 
with coal-gas, or with hydrogen 1 * Plaoo the inverted tube with its 
lower end in water, about half an inch below tlio level of the surface. 
Remove the tinfoil oap and immediately the water is seen to rise 
within the tubo against tlio action of gravity until the tubo is about 
two-tin ids full of water 




Fig 31 . 


(ft) As a oonveiso evpoumonl, the tube may bo filled with oaibon 
dioxide, 3 when the level of the gas descends and displaces the watei 
altogether from the tube. 

These experiments may be demonstrated by using the apparatus 
shown in Figs 20 and 21 respectively 


1 Prcparod by acting on 71110-filings with dilute hydrochloiic or sul- 

pliui 10 acid, 

3 Prepared by aoting on limestone-ohips with an acid, or obtained by 
charging a Sparklet siphon without putting in any waler. 
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In the first experiment tlie hydrogen, being bo much lightei than air, 
diffuses out tlirough the diaphragm nearly four times as rapidly os tho 
air diffuses m; the consequence is that the volume of gas m the tube 
rapidly lessens and the water rises 

The rate of diffusion of gases is inversely as the square root of their 
density. Hydrogen is about one-sixteentli as dense as air, while the 
density of caibon dioxide is about one and a half times that of air 
The rate of diffusion of carbon dioxide is about four-fifths that of air 

70. Composition of the Atmosphere. —The gaseous 
envelope winch surrounds the earth consists chiefly of a mix¬ 
ture of nitrogen and oxygen. With these are associated 
argon (a gas which is so like nitrogen that only within the 
last j!ew years has the distinctness of the two been realised), 
veiy variable amounts of water-vapour, carbon dioxide, and 
minute quantities of various other gases (ammonia, nitric 
acid, etc ), according to the locality from which our specimen 
of ah' is chosen. Floating through this nurture are in¬ 
numerable minute solid particles, which are collectively 
known as “ dust,” but are of very diverse kinds 

From whatever locality the am has been obtained, the 
relative proportions of nitrogen and oxygen exhibit only 
Blight variations, there being about four times as much of 
the former as of the latter. 

When metals are heated m the air, they gam m weight, the ash (or 
calx t as it was formerly called) is heaviei than the ongmal metal. If 
a pieoe of magnesium nbhon is burnt in a dosed vessel containing air 
and standing over water m a dish, the water uses in the vessel, blow¬ 
ing that some of the an (about a fifth of the original volume) has united 
with the magnesium Various other experiments prove that air con¬ 
sists of an active gas (oxygen) forming about a fifth of its volume, and 
of an inactive gas (nitrogen) forming about form-fifths of its volume. 
All ordinary processes or burning are accompanied by the absorption of 
oxygen from the air and its union from the burning substance. In most 
coses it ib difficult to recover oxygen from the calx of a metal; partly 
on this account the composition of air was not understood until late in 
the eighteenth century 

In 1774 Joseph Priestley happened to heat some Cl red precipitate 39 
with a “ burning-glass 33 or lens, and found that a gas possessing 
remarkable properties was set free In tho same year that he- made 
this discovery Priestley went to PanB and diowed his experiment to 
the chemists there Among them was tho famous Lavoisier, who had 
proved that when motals are heated m air, tho ash or scale (calx) 
formed is heavier than the motal and not lighter, as tho old philoso¬ 
phers had assumed This groat chemist understood its sigmfioanoe, 
for he presently made some of the scarlet powder by heating meroury 
almost to its boiling-point whilst exposed to a measured volume of air. 
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In the first experiment the hydrogen, being so much lighter than air, 
diffuses out through the diaphragm nearly four times as rapidly as the 
air diffuses in j the oonsequence is that the volume of gas m the tube 
rapidly lessens and the water rises. 

The rate of diffusion of gases is inversely as the squaie loot of their 
density. Hydrogen is about one-sixteentli as dense as air, while the 
density of carbon dioxide ib about one and a half times that of air. 
The rate of diffusion of oarbon dioxide is about four-fifths that of air 

70. Composition of the Atmosphere. —The gaseous 
envelope which suriounds the earth consists chiefly of a mix¬ 
ture of nitrogen and oxygen "With these are associated 
argon (a gas which is so like nitrogen that only within the 
last few years has the distinctness of the two been realised), 
very variable amounts of water-vapour, carbon dioxide, and 
minute quantities of various other gases (ammonia, nitric 
acid, etc.), according to the locality from which our specimen 
of air is chosen Floating through this mixtiire are in¬ 
numerable minute solid particles, which are collectively 
known as “ dust,” but are of very diverse kinds 

From whatever locality the air has been obtained, the 
relative proportions of nitrogen and oxygen exhibit only 
slight variations, there being about four timeB as much of 
the former as of the latter. 

When metals are heated m the air, they gam m weight; the ash (or 
calx , as it was formerly called) is heavier than the original metal. If 
a piece of magnesium ribbon is burnt in a closed vessel containing air 
and standing over water m a dish, the water rises in the vessel, show¬ 
ing that some of the air (about a fifth of the original volume) has united 
with the magnesium Various other experiments prove that air con¬ 
sists of an aotive gas (oxygen) forming about a fifth of its volume, and 
of an inactive gas (nitrogen) forming about four-fifths of its volume. 
All ordinary processes of burning are accompanied by the absorption of 
oxygen from the air and its union from the burning substance In most 
oases it is difficult to recover oxygen from the calx of a metal, partly 
on this account the composition of air was not understood until late in 
the eighteenth century. 

In 1774 Joseph Pnestley happened to heat some “ red pieoipitate” 
with a “burning-glass” or lens, and found that a gas possessing 
remarkable properties was set free In the same year that ha made 
this discovery Pnestley went to Pans and showed his expenraent to 
the chemists there Among them was the famous Lavoisier, who had 
proved that when metals are heated in air, the ash or scale (calx) 
formed is heavier than the metal and not lighter, as the old philoso¬ 
phers had assumed This great chemist understood its significance, 
for he presently made some of the soailet powder by heating merouxy 
almost to its boiling-point whilst exposed to a measured volume of air. 
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Speoks giadually appeared on the bright nietallio surface, whilst the 
bulk of the an became loss. At the end of twelve days he Horaped off 
the rusty deposit, and, heating it strongly m a tube, obtained the same 
volume of gas as the atr hacl lost, whilst the scarlet powder was tiuns- 
formed into the liquid metal again. 

Plainly, then, this now gas, with its romarkable piopoities, is not 
merely a modified form of air, but ir a distinct substance. Lavoisier 
gave to it its name oxygen, the “ acid-formei,” for reasons which will bo 
seen latoi. “ Red pieoipitate ” is a compound of morouiy and oxygon, 
its ohennoal namo being “oxide of meicury ” 

(а) Bond a piece of wire twioo at light angles, to form a J shape, and 
to the end of the shorter limb fix a pieoe of ootton-wool. Hot leiuly a 
glass mr and a basin containing watci. Soak the ootton-wool in 
alcohol (methylated spirit), sot file to it, mvoit the jar oviu the flame 
and lower it into the water The flamo soon goos out and the wator 
rises inside the jar. Why 9 

(б) Into a hard-gloss tube introduce sufficient “red prooipitate” to 
oover a threepenny pieoe, and hold it in the hottest part of the Bunsen 
flame When oold the substanco is scailot and glittoiing, but on 
heating it becomes black. Take the tube fiom the flame, let it oool, 
and notice what happens. The scailot colour is loooveiod Evidently 
the oliango was not due to himiing . 

Have by you a splmtoi of wood long enough to roach down to the 
bottom of the tube, and heat the lattoi again as long oh any ol tho 
oxide remains. Whilst the doposit is forming m tho tul>e, igmto 
the Bplmter, blow out the flame, and thrust tho glowing end down into 
the tube Obseivo that tho glowing sjilnitei Bursts into flame and 
burns more brightly than m aommon air Tho colourless gUH m tho 
tube oannot be ordmary au 1 it is oxygen. Now seiapa off tlie mirror 
formed in tho tube with the dean ond of the splint You obtain a 
liquid metallic globule of “quicksilver,” or mercury 

Oxygen is most readily prepared by Beating potassium 
chlorate (a compound of potassium, chlorine, and oxygon) 

5P1. Preparation of Oxygen.. —(a) Heat some potassium chlorate 
in a tube until it appears to boil. It is not really boiling, or some 
of the substance should condense in tho oool part ot the tube. A gas is 
escaping. Test it with a glowing splintor. 

(6) About one-quartoi fill the tube with a mixture of two parts by 
weight of potassium chlorate and one of manganese dioxide. Oxygen 
willcomo off from this more readily than from tho chlorate alone ; that 
is, at a lowor temperature than was required to decompose tho chlorate 
alone. After all tho oxygon is o\pollod tho inangatioHo dioxide remains, 
apparently unaltered, mixed up with the residue As tho gas 1 h ob¬ 
tained so easily, wo will oolloot Homo jars of it and examine its properties, 

(c) Bend a glass tube, about 1 ft. long, to tho shape shown in Fig, 22, 
and insert the longer end through a cork fitting a haul-glass tube dosed 
at one end, about 0 ins. long and 1 in. in diameter. Tour sufficient 



40 


AIR, WATER, AND SOIL* 


watei into a “pneumatic trough” to cu\cr its shelf 1$ at least half ail 
inch Fill one large jar and four smaller ones with water and invert 
them in the trough Ha\e ready some ground-glass coi era to be placed 
o\ er the mouths of the jars w hen filled with gas 

\ 


Fig 2A Fig. 23, 

About one-quartei fill the fitted tube with the mixture nmde, and fix 
it horizontally in the jaws of a clamp, so that the delivery tube just 
dips under the shelf of the trough, as shown m Fig. 23 Use a small 
flame to heat the mixture, and mo\e it to and fro along the tube to 
a\ oid getting too high a temperature, A few bubbles of air escape at 
first, but soon oxygen comes over rapidly. At once place a jar in 
position on the shelf, and, when it is filled, quickly cover its mouth 
while still under water with a glass plate, and replace it by a second 
jar, and so on. 

72. Experiments with Oxygen.—Now try the effect of 
burning m oxygen three non-metallic elements (sulphur, 
phosphorus, carbon) and two metallic elements (sodium, iron), 
using the five ]ars of the gas which have been obtained 

1st jar (small). Fill the bowl of a deflagrating spoon -with powdered 
brimstone and ignite it, noting flame ana odour Plunge it into the 
jar, and note that the brass plate fits closely (Fig 24) When the 
action ceases, replace the glass cover The flame and odour differ only 
m intensity from those first obtained. The sulphur has more oi less 
burned away. Plainly the choking gas formed in both cases is due 
to the union of sulphur with oxygen. It is an oxide of sulphur. 
Pour a few drops of blue litmus solution 1 into the jar it turns red. 



1 Litmua is a colouring matter which occnrs in certain Lichens, and 
is very sensitive to the action of many chemical substances. It turns 
red in acids, and substances which turn it red are said to have an acul 
reaction : it turns blue in alkalies, or m substances lia\ mg an alkaline 
reaction ; and it is unaffected by water and many other substances which 
have a vuttral reaction . Blue htmm papei prepared by dipping 
unglazed paper m a solution of litmus (obtained by boiling commercial 
litmus with water and filtering), lied titmus paper is prepared by 
adding just sufficient acid to a solution of litmus to turn it red and then 
dipping unglazed paper in the liquid and drying it. 
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showing that an acid ib pieaent Invert the jar m water and remove 
the cover the water riBes as it leadily dissolves the new gas. 

Burn off all the sulphur remaining on the spoon bofoio proceeding, 

2nd jar (small) Cut off from somo yellow phos¬ 
phorous, held below water , a pieoe not bigger than 
a pea, and transfer it on the point of ofcnife to 
the spoon Dry it by tauohing it with a bit of 
filter paper, and watoh it for a few seconds White 
fumes with a peculiar odour are given off, the 
phosphorus is alroady leaotmg with tho air. 

Touch the phosphorus with a warm glass rod 
and plunge it at onoe mto the oxygon, keeping 
the brass plate well down on the jar The wlnto 
fumes are partioles of solid oxide of phosphorus, 
and are poisonous. What beoomea of tho fumes ? 

Test the water-drops on the side of the jar with 
blue litmus paper. Evidently oxide of phosphorus, 
too, is aoid-pioduoing. 

3rd jar (small) Wire a bit of chat coal to the 
end of a deflagrating spoon, and place it in the 
oxygon for a short time Withdiaw it, and note that no oiirbun dioxide 
can lie detected. Cold oliarooal doeB not reaot with oxygon Now 
make the charcoal 1 ed-hot ancl watoh it when romovod from tho flame 
It does not go on burning as tho other bodies dul Make it glow again 
and introduce it mto the oxygen The charcoal bums brilliantly and 
some of it disappears, but no odour 01 fumes are detected. Pour 
water into the jar, shake it, divide the liqiud mto two parts, tost the 
first with blue litmus, and tho second with lime-water. Cm bon 

dioxide bos been formed, and this oxide is acid-forming too 



4th jar (small) Examine sodium, noting its lustre when freshly out 
and its bghtnesB This metal oxides so rapidly in air that it must ho 
preserved m liquid which contains no oxygen, and whoso specific 
gravity is, of com ho, less than that of the metal For theso reasons 
liquid paraffin is often used. Sodium reacts violently with water ; do 
not handle it with wet fingers. 

Heat a bit of the metal strongly in the spoon, then plunge it into the 
oxygen It burns brightly, forming white fumes of sodium oxido wliioh 
dissolvo in water. Examine the solution with litmus just coloured icd 
with a drop of acid. The litmus at once beoomos bluo, indicating tho 
presonoe of an alkali. Caustio soda is present. 


5th jar (large) Introduce through a funnel sufficient Baud to oqvor 
the bottom of tins jar half ail inch deep Roll 8 oi 10 ms. of Hun iron 
wue round a glass rod to form a spiral, fasten a bit of matoli to one end, 
and fix the other end to the deflagrating spoon. Light tho match anil 
plunge the wire into the jar. Tho wire Imms-often with beautiful 
Bparkhng—whilst wlnte-hot globules of “ burnt iron " (iron oxido) fall 
upon tho sand. 
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73. Properties of Oxygen.—We have found that— 

( I ) the oxides of non-metals, like sulphur, phosphorus, and 
carbon, yield acid solutions with water, but 

( II ) the soluble oxide of a metal gives an alkaline 
solution. 

Lavoisier was not aware of this latter fact, but it was his 
knowledge of the former that caused him to give the name 
oxygen (“ acid-former ”) to the gas 

Oxygen is only slightly soluble m water (100 c cs of water 
at 0°0. dissolve about 5 c cs of oxygen) It does not bum, 
but is a supporter of combustion; all substances that bum m 
air burn more vigorously in oxygen. 

74. Nitrogen .—The inactive portion of the air consists chiefly of 
nitrogen. No direct simple test can be given for the detection of 
nitrogen in the free condition, beoause it does not readily react with 
chemical reagents. It forms about a fifth of the volume of the air, and 
is neither inflammable nor a supporter of combustion It has no aotion 
on lime-water nor on litmus paper By the action of intense heat, or 
that of an electno ourrent, however, it is caused to combine with 
oxygen, forming brown fumes of oxide of nitrogen, which dissolve in 
water to form mtrio acid 

Nitrogen is a very important element m the nutrition of plants, 
since the living substanoe (protoplasm) of all plants (and animals) con¬ 
tains nitrogen. Most animals obtain nitrogen m the form of complex 
organic substances (proteids); most plants obtain it m the form of 
simple morgamo substanoes (chiefly nitrates). Most plants are unable 
to use the nitrogen of the air in making food, but this power is 
possessed by some Baoteria, and probably the whole of the oombined 
nitrogen found in nature (chiefly as nitrate of soda and potash) has 
been formed from the air by the action of Bacteria, 

The composition of air vanes very little imder different airoum- 
stances ; but even such small vanations as are found m its composition 
do not occur m the oase of oliemioal compounds 

Nitrogen and oxygen retain their characters with slight modification 
m air, and a mixtwe qf the two gases m the proper proportions shows 
precisely the same characters m all respects as air No heat is evolved 
when they are brought together, nor does any contraction in volume 
take place. 

75. Water contrasted with Air. —Both air and water have been 
shown to consist of two gases air, of nitrogen and oxygen ; water, of 
hydrogen and oxygen. It is true the constitutents of air cannot be 
distinguished by the miorosoope, and diffusion prevents their separation 
into a heavier and lighter layer. Small quantities can, however, be 
partly separated by simple solution m water (for oxygen dissolves more 
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loodily than nitrogen), 1 and also by othor pliysioal means. Bat air is 
f 01 mod direotly nitrogen and oxygon aro mixed together , ancl there is 
no evidence of chemical reaction, such as nso of tomperatuie, explosion 
or burning, or alteration in volume, which usually aaoompany teaction 
between gases. Further, the known gasoous compounds of nitrogen 
and oxygen aro nothing like air in thoir ohomioal properties for one 
(nitrous oxide) is tho aiuosthotio so frequently used by dentists, and 
the othor (mtria oxulc) on oxpoBiuo to air forms poisonous brown 
fumes They are totally different also fiom oitlier of tho constituents 
of air 

The properties of air, on tho other hand, aro intermediate between 
those of oxygon and nitiogon, To a ooitain oxtent it resembles both. 
Thus it suppoits oombuBtion like oxygen ; but not so actively as tho 
pure gas, a modification wo might expect from the largo proportion of 
mort nitrogen mixed with it. 

A mixture of hydrogen ancl oxygen, however, is not water. It 
becomes watoi only on the elevation of its temperature to the ignition 
point of hydrogen, when the usual accompaniments of ohomioal notion 
refeirod to above become manifest. The properties of the Bteam pro¬ 
duced, too, are altogether diffei out from those of either hydrogen or 
oxygen It does not bum, neither does it support the combustion of 
oiamary inflammable bodies , and when cooled it condenses to a liquid 
Btate, which makes the difference moio striking still Both tho 
elemonts aro present m the steam, yet no longer sopaiato and inde¬ 
pendent, but united by some mysterious foi oo which wo call ohomioal 
attraction 


76 How to remove Oxygen from Air. —The following experi¬ 
ment gives a useful method for depriving air of its oxygon, or of 
measuring tlio volume of oxygon piesont m air Into a glass tube 
of about 100 o os oapacity pour some 20 to 30 o os of solution of 
caustic Boda, made by diluting that ordinarily used for analysis with 
twice its volume of water. Noxt, add as much pyrogallol as can bo 
taken upon a penny piece (nliotogmi>hors will know tins light fluffy 
powder as “pyrogallio aaicl”! Close tho tube at onco with a rubbor 
oork, and maik tho height or tho liquid with a rubber band Shako 
up occasionally for at least five minutes, then open tho tulw bolow 
wator contained in a tall jar. Wator enters ; and if you sink the tube 
till the level of tho watei inside and outside is tho same, marking tho 
position with another band, the remaining au will be found to ooonpy 
four-fifths of the original volume. On testing it as before it will do 
found to bo nitrogen. 


1 When an is shaken up with water, twice as much oxygon as 
nitrogen is dissolved (100 o.cs. of water at 0°O. dissolve about o o.os. of 
oxygen), so that air dissolved in water consists of one volume of oxygen 
with two volumes of nitrogen. 
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*7*7. Ho vr Air is changed by the Burning of a Candle. —Invc 
a dry glass jai over a binning candle, both being placed on a tab 
After miming foi a few seconds, the flame gradually gi ows less a 
soon goes out Repeat the experiment with anotliei jar lifted a she 
distance fiom the table; fresli air can now outer, and the burm 
oontmues The extinction of the candle in the first case could n 
have been due to destruction of the air; since the fit is not air tigl 
more air would have been pressed beneath the jar It evident 
remains full of “air” of some kind, yet differing from fiesli air T 
slightly raised jar not only admitted fiesh an, but allowed the chang- 
aar to escape, on aoooimt of oonvection ourrents caused by the flar 
aud by diffusion beneath the jar 

Note the dewy appearanoe on the inner surface of the first jo 
suggesting the presence of water Spnnkle upon it a few grams 
anhydrous copper sulphate, a white powder, the latter becomes bln 
showing the liquid to be water The jai and candle were both dry 
first; whence then comes the water 9 

Plunge a lighted taper into the jar , it is extinguished Take a dr< 
of clear lime-water (mode by dissolving a little lime m water and t 
tenng the muddy liquid) on the end of a glass rod and hold it for a fe 
seconds in the air; it Bhows no change Now lower it into the jar ; 
becomes cloudy, and gives us further evidence that the air has unde 
gone a ohange 

We have thus found that a burning candle does not destroy the ai 
but so alters it that (1) anothei candle cannot burn m it, (2) it turns 
drop of clear lime-water milky 


78. Carbon Dioxide in Air.—The change m the lim< 
water is caused by a gas called carbon dioxide, which con 
biues with the lime-water to form caibonate of lime (chalk 
the particles of chalk pioducing the milky appeal ance Thfl 
carbon dioxide is present m ordinary air can be shown by 
Bimple experiment 

(ti) Expose to the air some clear lime-water in a clock glass until 
white film of carbonate of lime appears on the liquid If you ca 
collect sufficient of the solid aftei pouring off the water, the gas ma 
be expelled again with effeivescence by adding a drop or two of dilut 
hydrochloric acid 

(fi) Fit up a bottle with a cork bored with two holes; through on 
hole pass a “|-shaped piece of glass-tubing leaching nearly to tli 
bottom of the bottle, thiough the otliei hole a similai tube reaching 
little below the lowei surface of the coik Pour clear baryta-water (o 
lime-watei) into the liottle, so that it stands at least a dear inch belo 1 ! 
the opening of the short tube. Connect the longer tube with Btou 
rubber-tubing to an aspirator (Fig. 25) or a filter-pump attached to i 
water-tap, and draw air thiough What happens 9 
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(c) To account for the prosenco of this gas m the air perform the 
following experiments 

Draw in a long breath and gently force it out through a glass tube 
dipping into limo-wftter contained in n toHt tube 

oliake up some limo-watei in a fairly laigo jar, oi bottle, filled with 
ordinary air and oovoied with a glasH plate Is thore any milkmess’ 
Now burn a taper, or candle, or splinter of wood m the jar, and after¬ 
wards shake up the lime-water 

79. Water Vapour m Air.—That water vapour is present 
m tlie air even on tlie driest day can be proved by simple 
expei iments It is not difficult to see where this water vapour 
comes from, since water is constantly evaporating from the 
surface of the sea aud oilier Blieets of watei It con be proved 
by experiment that a given volume of air at a given tempera- 
tuie cannot contain more water vapour than a certain fixed 
quantity— eg. 1 cubic metre of air at 15°0 cannot contain 
more than 12 8 grammes of water vapour When the air con¬ 
tains this maximum amount of vapour it is said to be saturated. 

The higliei the temperature of the air, the moie vapour is 
required to sat.mate it, so that warm air may, without being 
saturated, contain more vapour than is sufficient to saturate 
it at a lower temperatuie If this air is cooled to this lower 
tempeiature, the excess of vapour will condense into small 01 
large particles of water, sufficient vapour lemaining to saturate 
the an If the air is cooled to a still lower temperature more 
vapour must condense, and so on 

Many of our weather phenomena, such as clouds, mist, min, 
etc , are pi odueed by the condensation of water vapour Take, 
for instance, the formation of dow After a hot day the leaves 
of plants (and to a less extent the soil) cool, by radiation, 
more rapidly than the atmosphere The lowest layers of air 
then become cooled by contact with the leaves aud soil. Should 
tlie sui face temperature fall below that at which the vapour 
in the overlying air is saturated, condensation takes place and 
tlie excess moisture is deposited as dew . The temperature at 
which tins takes place is called the dew-point 

(а) Leave a dish containing some pieces of fused chloride of oalolum 
exposed to the air for some time. The pio(OB become moist, having 
absoibed water vapour from tlie air If the dish and its contents be 
weighed before ana after being exposed, the weight of water vapour 
absorbed will be obtained. 

(б) Expose some anhydrous copper sulphate m a watch-glass , it soon 
turns blue, by absorbing water vapour, 
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80. Relative Humidity. — Hygrometry deals with all measure¬ 
ments connected with the state of the air as regards the moisture 
present in it We speak of the air as being dry or moist according as 
we think it contains little or much moisture, but the condition of the 
air, m relation to dryness or moisture, involves (1) the quantity of 
vapour actually present in the air, (2) the quantity of \apour necessary 
to saturate the air under the same conditions, and it is on the ratio of 
these two elements that our sensations of dryness and moisture chiefly 
depend, and not on the first alone Thus the air in a warm room may 
really contain more aqueous vapour than the outside air and yet be 
drier, because the amount required to saturate it is so much greater; 
for we have Been that the mass of vapour required to saturate a given 
space increases with the temperature, and is independent ot the 
presence of air or other gas in that space. 

The hygiometnc state of the air , considered as the ratio of the mass of 
aqueous vapour actually present in a given volume to the mass of vapour 
reauh'ed to saiumte the same volume , at the same temper atm e y has been 
called the humidity or relative humidity of the air, and is usually 
expressed either as a ratio or as a percentage For example, if a cubic 
metre of air at a particular temperature contain 10 grammes of aqueous 
vapour, and if 30 grammes arq requned to saturate it at the same tem¬ 
perature, then tlie relative humidity is J, or 33*3 if expressed as a 
percentage. 


81. Direct Determination of Relative Humidity. —In order 
to determine the relative humidity of the air, in the way explained 

atMn e, it is ev ident that we must 
determine, by actual experiment, 
the mass of vapour really present 
m a gi\ en volume of air, and must 
also calculate the mass of vapour 
required to saturate the same 
volume at the same temperature 
Referring to Fig 25, fill both 
U-tubes with pieces of fused cal¬ 
cium chloride, then weigh the 
larger one with its contents. Next 
fill the jar (of some 10 litres capa- 
Ffg. 25. city) with water, and securely 

connect tubes and jar in the posi¬ 
tion shown. Allow all the water to tnckle slowly out of the jar This 
will give the volume of the air passing through the large U-tube, 
providing all joints are air-tight, (A jar used m this way is called 
an “aspirator.” It may be refilled and the operation repeated if 
necessary.) The weight of water abstracted from the air can be found 
from the increase m weight of the larger U-tube. The use of the 
smaller U-tube ia to prevent any water vapour getting back from the 
vessel to the weighed tube. 
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82. Wet- and Dry-Bulb Hygrometer.— This instrument, some¬ 
times called Mason's hygrometer, consists of two exaotly similar thermo¬ 
meters, mounted on the same stand in buoIi a way that 
the air oan oiroulate freely round their bulbs One 
thermometer is used merely to give the temperature of 
the air, the other has its bulb covered with musbn, 
whioh is kept moist by a wick dipping into water 
(Fig 26) The wet-bulb thermometer gives a lower 
reading than the other. This is known to be due to 
the abstraction of heat from the bulb by the evaporating 
water But evaporation can prooeed only m unsatu¬ 
rated air, and although this is always the case in 
nature, yet the saturation-point may at certain times 
be much more nearly approaolied than at others Then 
evaporation will be slower, and the differences m the 
readings of the thermometers will be small. But these 
differences, moreasing with increased evaporation, are 
thus seen to vary inversely with the relative humidity 
To obtain good comparisons, the instrument should be 
placed out of diauglits 

Readings of the wet and dry bulbs were taken daily Ftff 20 
at 9 a m and 9pm during February and July, and at 
each of these times the weight of water whioh had evaporated fiom an 
open diBli during the preceding 12 hours was recorded The results 
are expressed graphically by the ourvos of Fig 27 

The A ourvos show the average differences of temperature between 
the wet and dry bulbs in degrees 0 The B ourves bIiqw loss of weight 
of water dm mg the same times in grammes The same shallow vessel 
was used m both observations and ita sides were vertioal. 

The results distinctly show that— 

(l) the greater the rate of evaporation, the greater the differenoe 
m the reading of the wet and dry bulbs , and 
(li) greater evaporation goes on in summer than m winter 

Make a wet- and dry-bulb hygrometer, and with it make similar 
observations over an extended period, and tabulate the results. A 
small shallow orystallising dish does well to oontam the water. 



83. Regnault’s Hygrometer.— This oonsists (Fig. 28) of a glass 
tube T, closed below by a thin silver cap S Its mouth is fitted with 
a cork oarrying a thermometer t and a pieoe of tubmg d , loth passing 
down nearly to the bottom of the tube. To use the instrument ether is 
plaoed m the tube, and a ourrent of air is drawn through bv the 
aspirator A ; entering by d, the air bubbles through the liquid and 
enters A through the side tube e and the vertioal tube V . This passage 
of air through the ether m S causes rapid evaporation to take place ; 
the temperature of the liquid, therefore, falls, and ultimately tho 
aqueous vapour m the air condenses on the surface of S The tem¬ 
perature is then read. This will be below the dew-point, as no dew la 
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seen till a perceptible quantity has formed The aspirator is now shut 
off, the temperature of 5 nses, and when the last trace of dew vanishes 
the temperature la again read The mean of the leadings is the dew¬ 
point 
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By regulating the current of air the cooling of the liquid m S may 
be made sufficiently slow to note, with accuracy, the temperature at 
which the film of moisture commences to form on 8. This observation 
is usually further facilitated by having a second tube 3', similar to the 
hygrometer tube, supported on the same stand, in such a position that 
the appearance of the two silver caps may be easily contrasted, and 
the cfimness due to the deposition of moisture on 3 more readily 
detected. S’ is not, however, an essential part of the instrument. it 
has no connection with 3 or V, and serves only for comparison, as 
explained above, and to carry a thermometer which gives the 
temperature of the air. 
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In order to obtain good determinations with any fonu of dew-point 
hygrometer, tlie experiment should l>o lepoated until tlie tempeiatures 
of appearance and disappeaiance 
of the film of moisture on the 


cold surface aio very neatly the 
same, say witlmi 5° of each 
othci 

The table given below show's 
the proHsuio of aqueous vapour 
at vaiious dew-point tempoui- 
turos If h denote tlio rclativo 
humidity of the air, / tho maxi¬ 
mum presume of aqueous vapour 
at tlio dew-point, and F the 
maximum pressure at tho tem¬ 
perature of tho air, then— 




Fol example, if air, at 15° 0, be cooled down to 10° 0, before 
condensation commences, then— 

h = IiS = JL * = 0'72; that is, 722 

J IS 13 * 


84. Table showing* Pressure of Water Vapour (F) in mm. 
and Mass of Water (M) in grammes contained in 1 cubic 
metre of Air, with Bew-Point (T). (Rcgnault and Matjnun ) 


T 

F 

M j 

T 

F 

M 

T 

P 

H 

T 

F 

If 

-10° 

mm. 
2 0 

ffi 

2 1 

0° 

min 

4*0 

gr 

4 1) 

10° 

mm 

0 1 

gr. 

94 

20° 

nun 

17 4 

17 2 

- 9 

2 rt 2 

2*4 

1 

4 9 

5*2 

11 

0 8 

10 0 

21 

18 5 

18*2 

- 8 

2 4 

27 

o 

5 3 

5*0 

12 

10 1 

10 6 

22 

10 7 

19 3 

- 7 

2 0 

30 

3 

5 7 

0 0 

13 

11*1 

11*3 

23 

20 9 

20 4 

- 0 

2 8 

32 

4 

0*1 

0 1 

14 

11 9 

12 0 

24 

22 2 

21 5 

- 5 

3*1 

3 5 

5 

(i 5 

08 

15 

12 7 

12*8 

25 

23*0 

229 

- 4 

3*3 

3 H 

0 

70 

7*3 

16 

13*5 

13*6 

20 

25 0 

242 

- 8 

3*0 

4 1 

74 

» 

77 

17 

14 4 

14 5 

27 

20*5 

25 0 

— 2 

3 0 

4*4 

8f 

8 1 

18 

15*4 

15 1 

28 

28 1 

270 

- 1 

4*2 

0*4 

1 0 3l 


8 8 

19 

16*3 

16 2 

29 

29 8 

28 0 

- 0 

4 0 

40 

|io1 


04 

20 

17*4 | 

17 2 

30 

31 0 

30 1 


85. Cooling caused by Evaporation.— It is well known that 
dienevor a liquid is converted into vapour, whether by evapoiation or 
oiling, heat is absorbed in the process. Whether lioat be deliberately 
upplied or not, evaporation still proooeds— e.y. ponds and puddles dry 
p, Tiie boat necessary to maintain this continuous process comes 
’om the remainder of tlie liquid or any body with which the liquid is 

B. Ji\ M, 4 
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in contact Thus a liquid by evaporating tends to cool itself a nc ^ 
surrounding bodies. Several expenraonts have been devised to illustrate 
this fact 

(a) Pour a few drops of ether on to the hand, and then wave the 

hand This will produoe a sensation of cold, as ether evaporates verv 
readily J 

(b) Pour a few diops of Water on a wood block, and stand in this 
Water a beaker oontaming a little ether Theu blow with a bellows 
into the beaker to quioken the evapoiation of the ether The water 
Will freeze and oernent the beaker to the Wood. 

86. Conditions favourable to Evaporation. —Evapoiation is 
increased by anything that helps in the formation of vapour at the free 
suiface of the liquid. The rate of evaporation is therefore favoured by 
dryness of the an , low atmospherio pressiue , high temperature, both 
of the liquid and of the air , large extent of free surface of liquid ; low 
boilnig-point of liquid, renewal of air in oontaot with surface of 
liquid 

87. Rain-Gauge —We know that the effects of a short shower are 
soon over* the roads and fields soon “dry,” as we say, though tins 
drying is only partly the result of evaporation, and largely the result 
of the water flowing away into watercourses and sinking into the 
earth If we could prevent the water that falls as rain from either 
evaporating, flowing off, or sinking m, we should find it accumulating, 
till in time it was of measurable depth We oould then say that 
during a given time, say a month or a year, there had been so many 
oentimotros (or mokes) of rainfall Tins is what is actually done, 
on a small scale, by the lam-gauge 

An ordinary lam-gauge consists meiely of a metal cylinder, into 
wludi there fits a metal funnel, and of a glass vessel properly 
graduated. The object of the funnel is simply to oheok evaporation. 
Ab the actual area whose lamfall is measuied is the area of the top of 
the cylinder, it would be suffioient to measure the depth of the water 
that accumulated at the bottom , but it is better to pour off the water 
into & glass vessel of less diameter, or to use a tube to collect the 
watei (in many rain-gauges this is done, the ratio of smfaoo between 
receiver and tube being 10 to 1), for then the height of the water is 
magnified, and so can be determined more accurately 

In uBing a lain-gauge, it is important that it should be placed in a 
thoroughly exposed position, so as not to be sheltered by any up¬ 
standing object, suoh as a house or tree 

88. The Soil is the medium in which land-plants may 
place their roots in such a manner as to enable them to 
Btand erect in the light and an’, and it is a storehouse of 
moisture for the use of plants. The productiveness of a soil 
depends largely on the amount of water it can hold, and on. 
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the readiness and completeness with which plants growing in 
it can witlidiaw the water for their uso as icq aired The soil 
is also a storehouse fiom which plants get the necessaiy asli 
ingredients of t.lieir food, the lime, potash, phosphoric acid, 
etc, which aie formed by the breaking-down and solution of 
the soil-grams. The soil is also a laboratory in which various 
lowly plants (fungi and bacteria) are at work breaking down 
dead organic matter, and converting it into nitric acid and 
other forms in which it becomes available for the use of 
higher plants 

89 The Earth's Crust —By this term wo understand Uio portion 
of Lho oarth’s extenor which comes within our observation Its thick¬ 
ness ih about 10 miles, so that it represents only a rolaLively thin layer 
Since the average clonsity of the crust (2 8) is just about half that of 
the cm th as a whole, it is dear that the interior must have a very high 
density, and cannot have cither the same chemical composition oi 
physical olmraoteis as the outei layer 

90. Rocks —A look may ho defined as any mass of natiually 
ooouuing solid substance foinmig part of the earth’s oiust Rocks may 
bo divided into two mam groups (1) those formed by cooling, at oi near 
tho oarth’s surfaoe, of masses of molten material, and termed H/ncoua 
rooks ; (2) tlioso formed by tho accumulation of matoual derived fu»m 
pro-existing looks, and termed aqueous, stratified, oi sedimcntttiy rooks 
To the former group lielong granites and basalts, and most ot tins gioup 
are crystalline rocks To the lattei group belong sandstones, days, 
limestones , most of these have been hud down under watei, and they 
are nob usually orystalhno 

91. Elements of the Earth's Crust. —Compaiativdy few ele¬ 
ments ontei into tho composition of tlio oommon look-forinmg minerals 
(quartz, felspais, micas, hornblende, augite, olivine, oalcite, gypsum, 
kaolm, lion oies, oto.), and about eight out of tho eighty elements now 
known to ohomiHts form alKiut 97 peL cent, of tlio eaitn’s emsb Tlio 
percentages of these elements are oxygon 50, silicon 25, aluminium 7, 
non 5, calcium 8, magnesium 2, sodium 2, potassium 2. Other ele¬ 
ments which, though present m rolativdy small quantities, are widely 
diffused and of considerable importance, are liydiogcn, caibon, nitro¬ 
gen, phosphorus, sulphur, dUorine. Only six of all tho elements 
mentioned ocour in the free Htate—namely, carbon, oxygon, nitrogen, 
Bulplnu , hydrogen, and iron, tho last two only in very small quantity 

92. Origin of Soil.—There are many agencies at work in 
the formation of soils, and the processes of soil-growth are 
in continuous operation. All soil-material is formed by the 
breaking down of rooks, and soils may be divided into two 
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classes. (1) sedentary soils, formed from tlie underlying 
rock, (2) transpoited soils, which after their formation have 
keen carried into their present position by water, ice, or 
wind A sedentary soil has many of the characteis of the 
lock below it, but is usually darker in colour, owing to the 
presence of organic matter or to exposure to the air, or to 
both causes. Between soil and rock there is an inter mediate 
layer, the subsoil, consisting of partly broken-down rock and 
differing from the soil m texture, composition, and colour 

Most locks consist of fiagments or crystals held together 
by cementing material or by interlocking The texture is 
seldom so close as to make the rock impervious to water, 
even the most close-grained granite or the finest marble will 
absorb water The chief agents that cause the “ weathenng ” 
or breaking-up of rocks and the formation of soil are ram, 
changes of temperature, frost, the air, earthworms, and the 
roots of plants 

Eain-water in falling through the air dissolves a certain 
amount of oxygen and carbon dioxide, which help it m dis¬ 
solving minerals m rocks. The oxygen oxidises some of the 
rock substances —e g. rocks containing iron have a red colour 
due to iron oxide The carbon dioxide gives the watei an 
acid action so that it can dissolve caibonates and some other 
substances insoluble in watei alone. The mechanical effect of 
water in wearing down rocks is well known , soft rocks like 
clays and sandstones are often broken up merely by the 
beating of ram on them surface, and even tlie haidest rocks 
may be worn down by running water, especially when it 
carries sand or mnd in suspension Besides the direct action 
of watei*, there is the action of water under the influence of 
frost If water is in the crevices of a rock when fieezing 
occurs, its expansion pushes asunder masses of lock, and the 
same action breaks up rock-fragments and further pulverises 
the soil itself. 

Apart from freezing, mere change m temperature tends to 
break up rocks, especially when the change is large and rapid 
The sun’s heat during the day expands rocks, and the rapid 
radiation of heat after sunset causes them to cool and con¬ 
tract. The effect of these alternate expansions and contrac¬ 
tions is to crack the rock and loosen the poi tides on the 
surface, and the effect is increased by the fact that the 
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different minerals in rocks do not expand and contract 
equally Even in this country one often notices a difference 
of about 80° 0 , and sometimes more, between the tempera¬ 
ture during tlie day and the minimum temperature at night. 

The air helps in breaking up rocks in two ways (1) chemi¬ 
cally, by its oxygen uniting with other substances and pro¬ 
ducing softer materials; (2) mechanically, by the wind 
carrying dust and wearing down locks, and also causing 
ram to beat on rock surfaces 

93. Sedentary and Transported Soils —As a rale tlie rooks from 
wlnoli a soil is denved are found on digging down, but sometimes the 
soil-materials have boon derived from distant looks by tlie aotion of 
running watei, wind, and iae-sheets. 

(1) Sedentary soils, in whioli the products of weatheung remain 
where they are formed, only ooour wheio tlie surface is fairly horizontal 
or where plants are giowing The lattei prevent the broken-up matenal 
from being quickly carried away by rain, and also by their growth 
assist in the fuitner broakmg-up of the rook. Sedentary soils are 
chalky, Handy, ol clayey, according as the underlying rook was lime¬ 
stone, sandstone, or clay Those farm tho three ohiof types of soil, but 
there are of oourso gradations from one to the other In tlie case of 
limestone, water containing carbon dioxide often dissolves away the 
lime and magnesia, leaving tho less soluble portions of tlie rook to form 
tlie soil These poitions are usually day and fine sand, so that a soil 
formed in this way is often dayoy, and may contain loss lime than 
other soils not derived from limestone. 

(2) Tho mud oarnod by every stroam after rain is an example of soil 
m the process of transportation Another is seen in the way ram 
washes soil from hill-sides, or from sloping fields (tlie cultivation of hoiI 
helps the action of water m this ease, smoo the surfaoe is repeatedly 
disturbed by ploughing, etc ) Notice the difference in level of tho 
soil surfaoo when a hedge inns aoross a dope, the soil carried down 
tho slope is stopped by tlie bodge or fence, and is gradually piled up 
against its upper Hide, while at tho lower side the soil is usually earned 
away, loavmg the liodgo or fenoe highor above the surfaoo. In books 
on Physioal Geography yem will find acoounts of tho formation of 
deltas, alluvial plains, eto., by livers, also of the action of glaciers and 
ice-sheets. 


94. The Nature of Soil.— -Dry soil consists ohiofly of small frag¬ 
ments of rook of various kinds, usually with varying amounts of 
orgonin matter derived from tho breaking down of plant and animal 
tissue. This aigaiuo matter, or humi w, can bo removed from tho soil 
by burning it. Tho sml-graum arc ooatod with substances which have 
been dissolved in the Hoil-water, and have been deported when tho 
water evaporated. 



54 


AIR, WATER, AND SOIL 


95. Mechanical Analysis of Soil.—The amount of 
humus m soil is easily ascertained by drying the boiI, weigh¬ 
ing, then burning the soil thoroughly on a clean shovel or in 
a porcelain crucible and weighing again. The texture of soil 
is ascertained most readily by the use of sieves. The finest 
particles (silt-clay) pass through a sieve with 0 05 mm mesh, 
and by means of a second sieve with 1 mm. mesh we can 
separate the residue into sand (passing thiough) and giavel 
(remaining on sieve) The structure of the soil is then ex¬ 
pressed m percentages, e g gravel 10 per cent, sand 20 per 
cent, silt-clay 70 per cent 


Diy some soil by spreading it out on paper and exposing it to the 
sun in a drv place ; weigh out 100 grammes of the dried soil, stn it up 
in a dish with hot water, transfer to a fine sieve (0 5 mm mesh), and 
wash the finer particles through with the help of a camel-hair brush 
and then with a stream of water The residue, or “soil skeleton,” is 
then dried and weighed 

using a senes of sieves we can divide the “skeleton” into (1) 
coarse gravel, left on sieve with 4 mm mesh, (2) medium gravel, left 

on 2 5 mm sieve, (3) fine giavel, left 
on 1 mm sieve, (4) coarse sand, the 
residue which passes thiough the 
1 mm sieve 

The fine soil, whieh passed through 
the 0 o mm sieve, is now separated, 
by washing, into clay-particles and 
fine sand, we know the weight of 
tins fine soil, so we need not ary it 
Pour it into a washing-cylinder (Fig 
29), a glass vessel 30 cms high and 
9 cms in diameter, with a hole near 
the bottom into which a bent tube is 
fitted, passing through a cork and 
having a piece of rubber-tubing at¬ 
tached with a clip The liquid is 
stirred up, the tuibid water run off 
after about ten minutes, and the 
vessel filled again with water These 
operations ore repeated until all the 
clay seems to have been run off, and 
the residue of fine sand left m the 
\ essel is dried and weighed 
The following simple methods do 
not involve the use of a special washing-cylinder, oi of a senes of sieves 

(a) Get about a pound of ^garden soil, stir it up m water to form a 
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Examine the soil after it has settled, the ooarsoi material at the 
bottom is sand, above thiH is finoi matenal consisting oluefly of etcly 
(the liner giains remain suspended in the watet, making it cloudy), and 
on top of the watoi floats a little decomposed vegetable matter (htun its) 

(&) Place a pailful of water on a table and dip into it a piece of 
rubber tubing, to aot as a siphon Get a liumbei of tumblers ; into one 
place a handful of garden soil, and stir it up with water to form a 
thick paste Suck wutei tluough the tube to start the siphon-action, 
then aneot a weak cun out (by pinching the tube) into the tumbler 
containing the soil, having a tumhloi below to catch tlio oveiflow The 
weak mu rent will oarry over the tinoHt giams. When the wator iuiih 
dear, have another tumbler loody, and lot a stiongoi ouiTont come 
through the tube Notice the timo wlnoli the gLams of different bizqs 
take to settle and leave tlio water in each tumblei dear 

96. Sand consists of grama of various sizes. Sandy soils are oallod 
“light” because they are easy to woik, though a oubio foot of dry 
sand weighs about 110 lbs , wlule a oubio foot of dry clay weighs only 
70 or 80 lbs , sandy soils are more open, more porous, wamiei, and 
drier than day Rods A puie sand contains little but insoluble silica 
iu the form of quartz-grams, lienee it acts piactiaally as a simile 
medium, though when wateied with dilute nutiiont solutions plants 
mo able to grow m it Sandy soils formed fiom orumbling rocks 
which have not been much washed by laiu-watei will, howovoi, contain 
most of the elements neceBsaiy for the food of plants. 

Sandy soils, which are too poions and have not sufficient oohesion 
for plants to get ft good grip of them, aio impioved by any additions 
tending to greater consistency and letentiveness, such as the ploughing 
m of green crops, large quantities of farmyard manure, vegetable lefuse 
of all kinds, powdered clay, black mud from the bottom of ponds, the 
cleanings of ditohes, eto. Evaporation from sandy land during hob 
weather is largely cheoked by legulai cultivation and tlio maintenance 
of a flurfaoc-muloh of loose soil an inch oi two in depth, oi by mulching 
with two oi tin eo inohoH of manure 

97. Clay. —In day the giams are snidllor than mo9t of those in 
sand, but they have a tendency to ding together and become cemented 
into composite grams. In diymg, day tends to farm a hard compact 
mass, impenetrable by tlio roots of plants, when wet it tends to 
become sticky and watorloggod. Olay soils are said to bo “ cold ” 
beoauso they contain more water than sandy soils, hut all good sous 
oontain more or Ichb day, winch is i ichor m plant-food than any other 
part of the soil. The prosenoo of day not only increases the power of 
retaining watei, whioh is veiy deficient in pure sand, but also increases 
the poi'oontago of phosphoric acid, potash, and magnesia. 

Olay is also of great service to plants m “fixing” vanous Bubstanoos 
essential for plant-food, that is, m oombmmg with those substances 
and preventing them from being too icadily washed out of the soil by 
rum-water. The prosenoo of olay inoioases the power of retaining 
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water, whioh is very deficient in sand, but this makes it difficult for ti 
plant growing in a olayey soil to absoib enough watoi unless the soi 
contains a large amount In the latter ease the soil is badly aerated, 
and henoe for look of oxygen tlie loots are unable to develop to any 
great extent or to penetrate deeply 

Pure olay oonsists of kaolin (silioato of alumina), but 111 ordinary 
olays the minute partioles cemented togethei consist of nuailz, felHpai, 
or even oaibonate of lime (m marls), as well as kaolin. The oementing 
material is a jelly like (colloidal) form of kaolin, which hwcIIh up on 
being wotted, making the olay sticky and impervious When pure 
olay is mixed with water, the muddy liquid procluoed rIiowh praotioally 
no sign of depositing its suspended matter On adding mineral acids, 
or salts, 01 lime-wator, the jelly-like olay is olotted (coagulated), and 
falls to the bottom Salts of lime me noaily aH good as lime-water in 
oausing this coagulation, while alkaline solutions—c.r/ soda or potash— 
favour the diffusion of tho colloidal ola}' Lime is added to olay hoiIh 
to improve then toxture, olay-particlcs quiokly settle when a river 
flows into the sea 

Clay soils are very retentivo of moisture and tho useful produots of 
manures, but are generally too lit in, cold, and clamp Such soils are 
improved by (1) good drainage, (2) additions of giitty sand, lime, ashes, 
burnt earth, long stiaw-oontaming manure and similar substances 
tending to increase the porosity of tho soil, and (3) deep autumn 
trenching or tillage, involving the land being loft in as rough and 
olodcly a state as possiblo for the winter, to soouro tho disintegration 
of its partiolos bv the aotion of alternate freozing and thawing of the 
water with whioh its interstices are charged. 

(a) Take two similar lamp-glasses, and to one end of oaoh fasten 
with seabng-wax a piece of perforated zmo, to form a siovo; in oaoh 
case place a piece of blotting-paper in the bottom, covei ing the zino 
Take two equal quantities of dry clay , place one lot m one vosscl as a 
ooaise powaer, moisten the other lot, and make it into a paste before 
pouring it into the other vessel. Fill up each vessel with water, and 
measure the volume of water which chains through m each oanc 
Another method is to ubo two funnels, each with a piece nf perforated 
zino covered with blotting-paper or filter paper 

(b) Powder dry olay, tlion stir it up in hot water and pour it into 
two vessels (or test-tubes) To one vossol add limo-wator, lot both 
vessels stand, and noto the result. 

(c) Using tho same apparatus as m (a), make a thin paste by working 
up clay oi clayey soil with water, and pour an oqual quantity of the 
paste into oaoh vessel Fill one vessel up with watei (distilled or rain¬ 
water if possiblo), tho other with limo-watoi Note tho time required 
for 50 o cs of liquid to percolate tluough the olay in each ease 

(cZ) Repeat (c), usin^ (1) hydroohlorio aoid, (2) common salt, (3) 
oaustio potash, m solution instead of limo-watcr. 

(c) Paok olay or garden soil into a glass funnel, then pour in some 
ammonia-water, and place the fumi^l over a tumbler Tho water will, 
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if the clay is pocked tightly enough, come out at the bottom without 
any smell of ammonia The ammonia has been absorbed by the Bihcate 
of alumina piosent in the soil 

{/) Repeat (c) with (1) dilute solution of oaustic potash, (2) dilute 
solution of phosphouo acid In each case test the solution with litmus 
befoie adding it, and also test the watei that oomes out at the bottom 


08 Limestone (oaibonate of lime) may be present as soil-grains or 
merely oh a cementing material to quartz-giams It supplies plant- 
food m the form of limo, magnesia, and phospliono aoid Its action on 
day has been mentioned It also acts as a base with which acids, 
foimed by decay of engamo mattor in the soil, can unite and thus be 
made harmless If such basic mateiial is absent, the soil becomes 
“sour,” thiougli tlie accumulation of orgamo adds Even more im¬ 
portant is the part played by oarbonate of lime in the process by which 
certain Baotona convert into nitric acid the nitrogen existing in 
orgamo matter or ammonia compounds, this process only occurs in a 
weakly alkaline solution, and the nitric aoid unites with the lime 
Calcareous soils, m which limestone oi chalk predominates, are 
usually greyish m colour They leadily harden and crack when 
wanned Thoy aie gieatly linpiuved by heavy dressings of deoayed 
oigamo matter, nitrogenous Bubstances, decomposed turf, and dark 
oofomed soil noh in humus 


99 Humus, the decaying orgamo matter of the soil, is of great 
importance both fiom its physical and chemical pioperties It is a 
light, bulky substance, with high speoifio heat, great capacity for 
holding watei, and daik coloiu The piesenoe of humus gives tlie 
soil a Ioorg, open texture, and makes it able to absoih and letain 
watei In woods, humus often accumulates to a considerable depth, 
but in oidmaiy roiIh it is only piesent to a depth of about a yard 
(below which 1,fio lontH of few plants ponetiate), and this part of the 
Hnil lias a loosei textuie and daikoi colour than tlie uudeilying subsoil, 
which contains no humus Iluiiuin contains from 4 to 9 per oent of 
nitrogen, fai mmu tlian is picscnt m the vegetable matter from wlnoli 
the ImmuH ih pioduoed r nie oonveision of vegetable matter into 
humus is largely oansed by Bactoua and Moulds 


100 Miorosoopic Examination of Soils. —Examine some sand, 
mounted in water, (w) in transmitted light with the minor, (h) in 
reflected liglit without, the miiror, skotoh some of the grams Ex¬ 
amine in tlie same way Homo clay, and tiy to distinguish between the 
grains of quart/ (dear), felNpar (cloudy), mica (blown), hornblende 
(black). Examine some leaf-mould, teased out in water, and make out 
tlie lemaniB at leavoH, twigs, ioot^, etc., and the fungus-tluoadR which 
brandi through the decaying vegetable matter 
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101. Classification of Soils.—Tlie different lands of 
soils may be giouped under certain generalised headings 
according to the amounts of chalk, sand, clay, and humus 
they contain Loams contain 40 to 70 per cent of clay 
mixed mainly with sand. If only fiom 10 to 40 pel cent, of 
clay is present a sandy loam results, and below 10 per cent 
of clay the soil is merely saridy A loam containing 70 to 86 
per cent of clay is a clayey loam, and above this is a strong 
clay soil The latter when containing up to 20 per cent, of 
chalk are termed marl, and if more than tins they are termed 
calcareous marls Similarly we have calcareous sand , gravelly 
loam , chalk loam , etc, while any soil containing over 20 per 
cent of organic matter may be termed a humus soil inde¬ 
pendently of its other ingredients 

102, Soil-Air.—The spaces left between the soil-grains 
form capillary tubes extending m all directions. These 
capillary spaces are occupied largely by air, if the soil is in 
good physical condition and not water-logged G-ront harm 
is done to plants by over-watering, house-plants are more 
often killed by this than by anything else, and plants m pots 
should be watered from below (why ?) In general, the soil 
should not contain more than half its total water-holding 
capacity, i e about half of the capillary spaces in the soil 
should be occupied by air 

The presence of air, containing oxygen, m tlio soil is 
obviously essential if healthy growth of seedlings and roots is 
to take place, moreovor, the am in the soil must ho kept in 
circulation. Good ventilation is as necessary for germinating 
seeds, and for the roots of plants, as it is for the life and 
health of human beings Not only is free oxygen in the soil 
required by germinating seeds and for roots, which must 
breathe, but many processes occur m the soil that depend on 
tiie presence of oxygen. Nitrogen is required for the use of 
Bacteria, which fix free nitrogen gas and make nitrates, and 
these Bacteria, as well as others which convert the nitrogon 
of humus, manime, and other decaying organic matter into 
nitric acid, i equire large amounts of oxygen in order to do 
this work 

The exchanges of gases between soil and atmosplioro nro 
brought about u\ several ways— e g the slow process of 
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diffusion; expansion and contraction of soil-air due to clianges 
in temperature and in baa ometnc pressure 

The air contained in the soil is not enclosed, but is con¬ 
stantly being renewed by diffusion fioin the an' above Since 
the processes going on m soil consist hugely of oxidation, or 
are accompanied by oxidation, the soil-air is poorer m oxygen 
than the air above In general, the percentages of oxygen 
and caibon dioxide together equal 21, but that of oxygen 
values from 10 to 20 per cent., that of caibon dioxide fiom 1 
to 10 per cent 

(a) To find out the best percentage of watei and of air m the soil for 
any plant, take fh r e tumblers filled with soil Add to A 16 o cs of water 
oaoli day , to B, 8 o cs , to 0, 4 c ch , to D, 2 o os , to E, 1 o c Plant 
the same number of seeds (small seeds like Wheat or CreBS aie best) 
in eaoli tumbler After a few weeks not-ioe that those receiving too 
nmoli water do not grow well because of look of air in the soil, those 
receiving too little water will suffer fiom drought Select the tumblei 
which gives the best lesult, and find out how much water the soil con¬ 
tains by weighing a sample of the roiI (aftei stilling it up), then 
diying it and weighing it again To find out how muon air this soil 
contains, put the tube of a thistle-headed funnel to the bottom of the 
soil in the tumblei, and fiom a gindunted vessel poui in watei till it 
stands \o\ el with the surface of the soil Since the water displaces the 
air in the soil, we may oonsider the volume of water pouied into the 
soil as lepiesentmg loughly the volume of air it contained, compare 
this with the \olume of the soil. 

{h) Get two glasB jars of the same inside diameter Poui water into 
one jar until it is rather less than half full, and mark its level Maik a 
corresponding level on the other jar, which is to be kept quite dry 
inside, and put dry soil into this jar until it leaches the maik We 
have now equal volumes of watei and of soil Poui tho hoiI Rlowly 
into the water, if tho soil contains no an, it will make the le\el of 
tiro water use to twice its ongmal height, hence the amount bv 
which it fails to do this measures the volume of on m tho soil 
Try this simple expen men t with different soils (sand, chalk, clay, 
loam), and find tho percentage volume of ail in each hoiI. 

(r) Tie a piece of muslm over one end of a lamp-chimney, fill the 
chimney with soil, and sot it in a basin. Pour water into the basin, 
and notice its rise in the boiI Are the spaces between the soil-gminB 
filled with air or with water at the beginning of tho experiment P Tiy 
different boiIs, oompaiing the rise of water in them. 

(fZ) Spread out some moist soil or fine giavel in a tlun layer on a 
sheet of paper, notice tho glistening appealance of the grams As 
the soil dries tho grams become dull in appearance, wlij ? In moist 
soil tho watei is in the form of films around the soil-^iains, and the 
spaces between the giams aie filled with an , only in quite wet soil arc 
these spaces filled w ith wntoi 
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103. Soil-Water.—"Water occms in soil under three con¬ 
ditions (1) free water , filling the spaces between the soil- 
grains and fiee to move under gravity and to trickle through 
the soil, (2) capillary watei, adhering to the surfaces of 
the soil-grams and to plant-roots in films thick enough to 
allow surface tension to move it slowly from place to place, m 
any direction where the soil is becoming drier, (3) Jiygi oscopic 
water, which is held around the soil-grams so firmly that it 
does not move about like the capillary water, and can only be 
removed by heating to 100° C , when it passes off as steam 
Even an “ air-dry ” soil retains a good deal of hygroscopic 
water The free water of the sod is injurious to plants 
(except those specially adapted —eg bog- or water-plants), 
because it interferes with the proper respiration of the root 
It is the object of drainage to remove it 

104. Water-Content of Soils.—The amount of water 
present m the soil occupied by the roots is called the water- 
content of the habitat, or home, of the plant or plant- 
association The water-content of a habitat depends on the 
thickness of the water-films around the sod particles In 
saturated sods the films run together to form drops and 
masses of water, whde m air-dry sod there is still a thin film 
around even the smallest sod particles Hardly any water 
is present m impervious rocks until cracks are formed by 
weathering, sandy fields oi hills and other dry habitats have 
from 3 to 15 per cent , moist meadows, cultivated fields, 
and woods have from 15 to 30 per cent.; wet habitats, like 
stream-banks, are more or less saturated, their water- 
percentage varying from 30 to 80 per cent according to the 
texture of the soil 

As we shall see later, the most important differences 
between the various habitats of plants are chiefly due to 
differences of water-content 

105. Available and Mon-available Soil-Water.—If a 

rooted plant is kept without water untd it wdts and dies, we 
find that the sod still contains some water This non-available 
water, which the plant cannot use, is retained by the sod 
because the attraction of the sod-particles mcreases as the 
water-films get thinner, until it is greater than the attraction 
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exerted by tlio root-liairs The amount of water thus held by 
the soil varies inversely as the Bize of the soil-particles, being 
hugest in fine-gunned soils like clay and smallest in coarse 
soils like sand and giavel The gi eater part of the total 
water-content is m any case available to plants, but it differs 
for diffeient lands of plants and is diminished by excessive 
amounts of salts m the soil and by low temperatures 

Thu peiuenlageH of total watei-oen ten l, available water, and non- 
available water pci 300 gnunmoa uL diy soil are given approximately 


in the fallowing table .— 

Sand 

Loam. 

Clay 

Total Watei-Content 

18-S 

52 

68 

Available Watei 

IS 

43 

55 

Noil-available Watei 

05 

9 

13 


106. How Water-Content is Influenced.—Tlie most 
important factoid which influence the water-content of a soil 
aio (1) the nature of the soil, (2) the rainfall, (B) the 
humidity of the air, (4) the physiography of the habitat 
(1) The amount of the water-content of a soil depends 
directly on its texture, which determines liow much of the 
water falling on the surface shall run off, and how much of 
the entering watei shall be held by the soil-particles, or 
dram away under tlie action of gravity, or nse again from 
the lower layers by capillarity and thus become available even 
for roots growing just below the surface 

The finer the texture of the soil— i.e the smaller the grains 
and the narrower the spaces between them—the greater the 
depth from which water can be raised, the capillary rise of 
water is probably as much as 30 ft m a fine-gramed soil— 
e.g clay loam. The amount of water evaporated from the 
surface and ot that laised by capillarity is gieatly increased 
by winds ; capillary tuition is stronger in moist than in 
thoroughly diy soil, just as a cloth or sponge absorbs water 
more slowly when dry than when wetted The falling of rain 
on a dry soil will therefore cause the lower parts to become 
drier, while the surface layers will gain more water than that 
represented by the rainfall. The capillary rise of sod. 
moisture is increased by rolling, which brings the upper soil 
into closer contact with that below. 

The porosity of a Boil is measured by the rate at which 
water passes downwards through it, Since the capillarity of 
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soil vanes inversely as its porosity, it is sufficient to measure 
the porosity Sand is very porous, but has very little 
capillarity Clay shows Btrong capillary action, but is very 
slightly porous. Poiosity and. capillarity are determined 
simply by using a cylinder of soil, and noting the rate of the 
downward or upward flow of water through it By similar 
experiments we can compare the water-absorbing capacity oi 
difieient soils and the rate of evaporation from them 

(2) Water-content depends absolutely upon rainfall, ex¬ 
cept, of course, in habitats with a constant water-supply 
owing to the presence of springs, streams, ponds, or other 
bodies of water. The soil becomes saturated after heavy 
ram, aud its water-content gradually decreases t.hiough a 
dry period Snow is often of nnpoitance, since it acta as a 
covei, preventing evapoiation, aud enters the sod on 
melting. 

(3) Humidity is of great importance as the chief stimulus 
which controls the loss of watei by transpiration. It is 
influenced by temperature, wind, air-pressure, altitudo, and 
exposure, as well os by the water-content of the soil and the 
presence or absence of a covering of doad or living vogohi- 
tion. Heat mcieases the capacity of the air for moisture and 
therefore lowers the relative humidity Dry winds and high 
winds i amove the humid air mound plants, and keep the 
humidity low. Au-pressure affects humidity by vaiyiug 
the density of the air, aud therefore its power of holding 
moisture. 

The relatively small daily baromotiic changes, which con¬ 
stitute “ weather,” are of little importance except in their 
relation to rainfall, but the permanently low pressure at high 
altitudes mcreases evaporation owing to the rarefaction of 
the an 1 Exposuie to sun and to prevailing winds, as seen on 
slopes, has a great influence on humidity; slopes with a 
southern exposure receive most light, heat, and wmd, and are 
therefore drier than slopes facing northwards. 

A dense covering of vegetation on a slope prevents rain¬ 
water from running off before it can be absorbed, besides 
hindering the washing away of soil, tho cover also increases 
humidity by reducing the influences of temperature and wind 
on evaporation, and a cover of living plants keeps tho air 
moist by the evaporation of water from tho plants. 
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(4) The chief physiographic factors of it habitat tire alti¬ 
tude, exposure, and Blopo. The two former act indirectly on 
the water-content, by their influence on humidity, which has 
just been discussed. Tlio chief dnect effect of slope is m 
controlling the amount of water which rims off and that 
which enters the soil, the amount of rainfall lost by i un-off 
increasing with the angle of the slope. 

107. To compare the absorption of water by different kinds of 
soil, take 100 gmmmos of gravel, Blind, noli loam (good garden ol hold 
sod), loaf-mould, and diy, powdered loaves, and put caoli sample into 
a wide tul) 0 —c y a lamp-dll umoy—closed at tlio lower end by a Iwjrod 
oork , a gloss funnel will do instead Hold eaeli tubo oi funnel in 
turn ovor a tumbloi, and pour into it a litiu of Avatei , then measure 
the water that runs out at the bottom m eaeli uino. Whioli Bamplo 
aljtsoibs and retains most Avator, and theiefuie alloAVs least Avoter to 
run tlnough V In an experiment like tliiH, the aa eight m grammes of the 
water absorbed by 10U grammes of eaeli diy sample avuh giaAul, 5, 
oonvHO Rand, 10; imo wind, 30, banun wuidv nod, 35 , alay, 55 , null 
loam, 70; loaf-mould, ‘2*20, Ichauh, 500 T'heHo iohuUh hIioav oleaily 
that the Avatei-abHoilmig capacity of hoiIb is gieatly moieased by the 
prcHonco of vegetable matbei 

108. To compare the evaporation of water from different kinds 
of soil, take 10 tumhlom and hll them to Avitlun an moll of the top 
AVitli the following materials 1, gravel; *2, sand , 3, sandy moil, 4, 5, 0, 
loam (guidon Boil); 7, gravel, coveted by an mail of sand, with an inch 
of loam on top, S, loam uoioied by an inch of poAvdcrcd loaf-mould , 
0, powdered leaf-mould; 10, Avator The matorialH in tumblois 1 to 9 
should lie well lined, thou an equal amount of watei poured into each 
Keep the loam in 5 Ioohq at the top by Bt-iumg it to a depth of about 
an mull, and, aftei adding the Avatei to it, plauo on the flurfaeo an inch 
of dry, Hiftud soil. Win the loam in 0 thoioughly aftei adding watei, 
and notice that the loam dues in hard lumps aftei this treatnienl 
Weigh each of the lumblets, anil place them together m a position out 
ol direct sunlight Weigh oath day, and loeuid tlio loss of weight oL 
each duo to evaporation ol Avatei 

109- Composition of Soil-Water.— Soil-water contains 
various dissolved substances—a g. carbonate of lmio , phos¬ 
phate of lnno, sodium chloride (common salt) , magnesium 
sulphate (Epsom salt) ; sulphate of luuo (gypsum) , silicates 
of lime, etc., nitrate of potash (saltpetre) , compounds of 
iron, etc 

It luts been calculated that no loss than 100 tons of mineral 
matter is annually removed m solution from every square 
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mile of English countiy. About half of tins amount is lime¬ 
stone. 

Since there is much diversity m the oharaotei and solubility of the 
rock into which 1 am-water penetrates, varying as it does fioni granite 
and gneiss to hmestono and alay, it follows that the material dissolved 
must also differ considerably m kind and quantity. Scotland, north 
of a line joining the mouths of the Clyde and Tay, consists chiefly of 
hard crystalline rook, and the uver water of this region contains loss 
dissolved material than any other m the British Isles Much of the 
water of North Wales too is almost os free, for similar reasons. 
England affords a great contiast Its rounded limestone lulls aie 
easily worn away by water, which is rendered acid by the carbon 
dioxide it has previously dissolved. The gas expelled in bubbles when 
ordinary water is heated consists pai bly o± carbon dioxide, which was 
dissolved out of the atmosphere 

110. How Soil Temperature is Influenced. — The 

specific lieats of different kinds of soil differ considerably 
The following list gives the approximate number of heat-units 
(Art. 57) required to raise 100 lbs of dry soil from 0° 0 to 
1° 0. * Peat, 30, huonus, 25, chalk, 20; sandy humus, loam, 
pure clay and sand, each about 15 It is dear that much more 
heat is required to raise the temperature of watei through 1° 
than that of the same weight of dry soil, hence a dry soil will 
waim m the sunshine more rapidly than a moist soil 

A dark-coloured soil is warmei than a light soil, and shows 
a greater daily vaiiation m temperature The degree of in¬ 
clination of the surface and the direction of the slope often 
exert a marked influence on the temperature of the soil, and 
especially on its daily range. The effect of a south exposure 
is to make a difference of 2° or 3° 0 in the first foot or more 
at the surface. When the surface of the soil is very uneven, 
its heat is lost more rapidly m wanning the an' above it If 
the soil is loose and open in texture, the dnei surface layer 
loses heat to the am, while the poor conducting capacity of 
the open soil prevents the heat from being conveyed deeply 
below the surface, and a lower temperature results. If the 
an is warmer than the soil, as often happens in sprmg, a 
large amount of heat may he conveyed rapidly mto the soil 
with ram-watei'. 

Except direct sunshine on the one hand, and direct radia¬ 
tion of heat away from the earth on the other, there is no 
factor which exerts so strong an influence on the temperature 
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of tlie soil as the evaporation of water from its surface 
When a pint of water evaporates from a cubic foot of soil, 
it canies with it heat enough to lower the temperature of 
the soil considerably—if sandy soil about 20° C , if clay-loam 
about 15° C To dry saturated sandy soil till it contains 
half its maximum amount of water requires the evaporation 
of about 9 lbs to the square foot when the drying extends to 
the depth of a foot, the similai drying of clay-loam requires 
the evaporation of about 12 lbs of water It is largely owing 
to the latent heat of vaporisation of water and to the low 
specific heat of soil that a wet soil is cooler than the same soil 
when dry 

When soil is rolled, its texture is made firmei, and it con¬ 
ducts heat better, so that the surface layers become warmer; 
the temperature at a depth of 2 ins may be about 5° C , at 4 ms 
about 3° 0 , higher than m entirely similar and adjacent but 
not rolled soil 

111. Hedges.—It is important that the velocity of the 
wind close to the surface of the soil should be reduced 
Where fields are not shelteied by hedges, stiong winds may 
sweep away the young crops, together with the upper few 
inches of surface soil —% e the best part of the soil Hedges 
also lessen the rate of evaporation of water from the soiL 
The drying effect of wind at 300 ft to the leeward of a hedge 
is sometimes 50 per cent greatei than at 20 ft Since 
evaporation of water leaves the soil colder, the temperature 
will be higher close to the hedge than away from it At the 
top of a hedge-bank the light is feeble and the soil dry, but 
lower down there is moie moisture and more light If the 
hedge has level ground on one or both sides, the differences 
m the amount of water at the base of the hedge and farther 
from it are less pronounced than when it glows fiom a raised 
bank with a ditch on each side 

112. Daily Observations.—Besides observing the tem¬ 
peratures required for various germinating seeds in field and 
garden, you should find out the temperature of various lands 
of soil at different depths (say at 3, 6, 12, and 24 ms. fxom 
the surface), and record the average temperature (for each 
plot of soil and for each depth) during each month of the 

B. F M, 5 
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year. Also take thermometer readings throughout the year 
on tLe two sides of a hedge, at top and bottom of a slope, m 
ditcL.es, streams, and ponds, and compare these carefully 
Also keep a daily record of observations on humidity, rain¬ 
fall, direction andfoice of the wind, barometric pressure, and 
temperature Compare all these observations, see how they 
are connected, or “ co-ordinated,” with each other, and try to 
find ont their bearing upon plant-life 


QUESTIONS ON CHAPTER II. 

1. What 1 elation exists between (a) inches and centimetres, ( b ) 
ounces and grammes, (c) pints and lities 9 

2. What is meant by (a) boiling-point, (b) freezmg-pomt ? How 
would you oonveit thermometer-readings fiom degrees Centigrade into 
degrees Fahrenheit, and vice versa 9 

3. What is meant by (a) “diffusion of liquids, 53 (&) “ osmosis 55 ? 

4. What is meant by “ oapillary attraction 35 7 Why does water nse 
higher in a narrow tube than in a wider one 9 

5. What is meant by (a) “specific heat, 33 {&) “ latent heat”? What 
is the importance to plant life of the fact that water has high speoifio 
and latent heats 9 

6. How oould you prove, by simple experiments, that air is neces¬ 
sary for germination 9 

7. How oould you prove by experiments that air has weight and 
that it exerts pressure ? Explain the construction of a barometer 

8. What are the effeots of changes of pressure and of temperature on 
the volume of air ? How are winds caused ? 

9. State the composition of air, and tlie ohief properties of its two 
main constituents. 

10. How could you detect the presence of (a) water vapour, (b) 
carbon dioxide, in the air 9 

11 . How oould you prove that a germinating seed respires (breathes), 
just as a living animal oi a human being does 9 

12. How could you prove that gei ruination does not oociu in the 
absence of oxygen 9 
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13 Why do seedlings grow badly in soil that is too liberally watei ed ? 
How could you measiue and compare the amount of an m different 
samples of soil ? 

14 Why should seeds not be planted very deep, nor merely laid on 
the surfooe of the soil ? 

15 How could you prove that warmth ih required for germination, 
and how oould you find, roughly, the best (optimum) temperature for 
germination in the oase of some particular plant 9 What is meant by 
(a) the minimum, (&) the maximum, geimmation-temperature of a 
plant 9 

16 In what different ways is the temperature of the soil influenced* 

17 Explain the construction of a Maximum and Minimum Ther¬ 
mometer. Why is a thermometer of this kind often used by nursery¬ 
men 9 

18 Explain the construction of a Black-bulb Thermometer What 
ib its advantage over an ordinary meroury or alcohol thermometer 9 

19 What are the important points to attend to m taking barometer- 
readings, with reference to the weather ? 

20 What is meant by “ lelativB humidity ” 9 How does the use of 
a Wet- and Dry-bulb instrument enable us to form a rough idea of the 
changes in humidity of the an ? 

21 Describe the chief agenoies by which soil is formed What are 
the cbffeienoes between “sedentary” soils and “transported” soils? 

22 What are the ohief constituents of ordinary soil, and how may 
they be separated ? 

23 Describe the characters of sand, clay, limestone (chalk), and 
humus, with reference to the growth of plants. 

24 Draw up a geneial classification of soils 

25 How do the chief soil-constituents diffei as to capillarity, ability 
to retain water, and usefulness as soiuces of plant-food? 

26 What substances are found dissolved m soil-water 9 Desonbe 
the three conditions in which soil-water exists ? Why is excess of free 
soil-water injurious ? 

27. How does soil-air usually differ from that in the atmosphere ? 
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SEEDS AND SEEDLINGS 

113. The Germination of the Seed.—We have seen that 
the Brood Bean seed contains a young plant and is covered by 
a seed-coat, that the young plant consists of an axis which 
beais at one end (radicle end) a root-cap, at the other end 
(plumule end) some young foliage-leaves, and at the middle 
a pair of large seed-leaves , that when the dry seed is placed 
m water it swells up , that wlieu the aoaked seed is planted m 
moist sawdust or soil the seed-coat breaks open; that the 
radicle end of the young plant then grows down into the saw¬ 
dust or soil and forms the root, and the plumule end grows 
upwards into the air and forms the shoot, while the seed- 
leaves remain in their original position , that the young shoot 
keeps for a time the hooked form which it has while inside 
the seed-coat, but giadually straightens out as it grows up¬ 
wards , and that the young plant or seedling which arises m 
this way gradually grows into a mature plant 

The changes that oecui, fiom the time the dry seed is placed 
m water until the young plant establishes itself, aie all included 
m the term germination The young plant in the dry seed is 
alive but dormant (“ asleep ”) f and the gemmation of the 
seed is simply the awakening of the young plant to active life 
and growth 

Broad Bean seeds (and those of most other plants) 
germinate best when sown within a year of then- ripening; 
the longer seeds are kept the fewer will gemmate and the 
feebler will be the growth of the resulting plants. Broad 
Bean seeds will sometimes germinate after being kept for six 
yeais In other plants the seeds may remain alive for a 
longer time, but the embryo, though dormant, is living and 
therefore gradually losmg substance by respiration, besides 
losing water to the dry air around it. 
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114 Germination Jars —Into a large wide-mouthed glass jar put 
a rolled-up pieoe of blotting- — 

paper, then fill up the jar 

with sawdust, 1 keeping the — - - - 

paper pressed against the 

glass, rlace seeds m differ¬ 

ent positions between paper 
and glass (Fig 30), and pour ^ 

in water enough to moisten ffV n %l 

sawdust and paper Fit up //>£ ^ /[/n 

a few of those jars, beoause A J U I iU 

latei on you will have seeds /? J 

of several kinds to germinate I szaS 

* 115. Glass-sided Boxes. [ 

— Get two oblong wooden J 

boxes (depth should be at 
least a foot for the long roots 

of Bean seedlings) /) __ _ 

(a) Remove one of the v T:—- ■ — 

longer sides and replace it by „ -- Z m ZT' 7 ,r» 

a Vfirt-innl nf olojaa nt Fj B 80—Germination Jar Tlie seeds (Pen» 

a vertioai sheet or glass , at b Bloml Bean, Sunftowor) have had the aeed- 

eaoli end ot the box fasten a 0 oat and one Cotyledon removed 
stnp of wood on each side of 

the glass, or simply knock taoks in to keep the glass side in position 



Fig. 81 —Glass-Bided Germination Box, with Seedlinga of CreeB and Wheat 


* {b) Make a similar box, but fix the glass side so that it slopes down¬ 
wards and inwards (Fig 31) 


1 Sphagnum (bog-moss) 1b better than aawduHt, it la eiwiei and oleaner to uae, and it 
rotainB water better Tumblers oi lamp gluases may be used instead of large glass jars. 
* See footnote on p 71. 
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116. Early Stages of Germination,—In your germina¬ 
tion jars and boxes place (1) dry seeds, (2) seeds that have 
lam m water for two days Which of these germinate the 
more rapidly, other things being equal ? How do the young 
root and the young shoot emerge fiom the seed-coat ? Which 
is the fiist to appear on the outside ? Notice the V-shaped 
split m the coat along the edge of the root-pocket, caused by 



Fig 32.—Stages in Germination of Brood Bean Seeds, planted in various positions 

the root swelling up and raising the outei wall of the pocket 
as a tnangulai flap (does the apex of the triangle reach as far 
as the opening 1 in the seed-coat or not?) Watch caiefully 
the way in which the stalk of each cotyledon grows in length, 
pushing the cotyledons apart and allowing the cuived shoot 
to giow out between them For how long does the young 


1 The eironeons statement that the radiole grows out through the 
micropyle m germination is often made m books This opening in the 
seed-coat doubtless helps the swellingradiole to spht the coat, since it 
forms a weak spot, but a glance at a Broad Bean seedling shows that 
the coat splits along the edge of the radiale-pocket, the line of weak¬ 
ness, and that the split doeB not reach as far as the micropyle 
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root keep the lead as legards rate of giowth in length ? 
What is the advantage to the young plant m the fact that 
the root emerges befoie the young shoot ? What advantage 
is there in the hooked form of the young shoot ? 

# 117. make Sketches (in this case twice the natural size will be 
laige enough, 01 oven natural size if you have acquired a neat style in 
drawing) of (1) enlue seed fiom the soar end , (2) same fiom the front, 
t.e. thicker edge, showing the pore and the bulge caused by the root, 
(3) same in side view , (4) side view showing the triangular flap being 
pushed off by the growing root, (5) front view showing the same , (6) 
side and (7) front views of embiyo after removing seed-coat, (8) soar- 
end portion of empty seed-coat, showing the pooket into whioh the root 
fits , (9) side and (10) front views of embryo with one seed-leaf broken 
off, (11) seotion through whole (soaked) seed, to show pooket with 
root fitting into it (cut between seed-leaves) Also sketch various 
stages m gemmation of seeds planted in different positions and at 
different depths in your jars and boxes 

118. What things are needed to make the seed 
germinate ?—What have been the sunoundmgs of the seeds 
whose germination you have been studying? Wnte down 
these things as they occur to you The seeds weie first 
steeped m water, which they absorbed freely, becoming 
larger and softer , they were then placed m soil (or sawdust) , 
they have been exposed to light, supplied with a cei tarn amount 
of warmth, and lastly (though most ob¬ 
vious of all) they have giown m the air, 

119. Is Soil needed for Germination ? 

—Now, which of these things are abso¬ 
lutely essential for germination ? Do yon 
know of any plants which do not grow m 
the soil, but float on water ? Examme the 
Duckweed plants, so common m ponds; 
their roots hang down m the water. 

* Can you devise a simple expeumenfc to show 
that a seed oan germinate in the air, without 
any soil or sawdust for the root to gxow into? 

In what condition would the air have to be 
kept during the experiment 9 Get a wide-mouthed 
glass jar and pour into it enough water to oover 
the bottom to a depth of an inch or so Then stick a long pm 

♦Throughout this book asterisks aie used to indicate a course of 
experiments which are of fundamental importance. 
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through a soaked Broad Bean seed and fix it into a oork (or a piece 
of wood to cover the mouth of the jai), inverting the lattei so os 
to bring the seed into the ]ar (Fig 33). The seed will germinate in the 
moist air Keep this simple pieoe of apparatus for later experiments. 

120. Is “Water needed for Germination?—Will a seed 
germinate if kept dry ? Place some dir seeds m dry sawdust 
and others in moist sawdust (an men below the Burface) , 
compare the lesults after a week or two 

Are seeds able to absorb water fiom moist air? Can they absorb 
enough m this way to enable them to geminate? Fold up a piece of 
zinc gauze to form an open box and Buspend it by threads fiom the 
lower Bide of a oork bung (or a wooden cover), so that it oan hang down 
into a wide jar containing some water. Weigh some dry seeds, put 
them into a gauze box, do not let them oome into contaot with the 
water Weigh the seeds again fiom day to day, to see whether they 
have absorbed water from the moist air in the jar. Why do Beods 
germinate or become mouldy when kept m a damp cupboaid’ 

121. How to dry Seeds, Seedlings, etc. —Are the “dry” seeds 
sold by the seedsman quite dry, or do they contain any water at all 9 
Into a dry test-tube (warm the tube all over to make sure it is quite 
dry) put a “ diy ” seed and heat over a Bunsen or spmt-lamp, applying 
the flame to the bottom of the test-tube Notice the drops of water 
which oondense in the coldei upper part of the tube With a dry 
knife out a diy seed into pieoes, or crush it in a mortar, and notice 
that the water is driven off more quickly than when a whole seed is 
heated , why ’ Cut 20 dry soeds into pieoeB , weigh these, and then 
dry them thoroughly without scorching or chan mg them at all This 
is best done by placing the seeds foi a few hours in an oven, or by 
means of a sand-bath oi a water-bath Then compare the weight of 
the thoroughly dried pieoes and find out the peioentage weight of 
water whiohthe “ dry” seeds originally contained (usually about 10 per 
cent). This amount of water, though not sufficient to allow of ger¬ 
mination taking place, is evidently necessary for the seed to remain olive 
and capable of germinating The weight found after thorough drying, 
without charring, is called the dry-weight of the seed or seedling 

* To dry seeds, seedlings, leaves, etc , without charring them, use a 
slow oven, a water-bath, or a sand-bath ovei a small flame A simple 
watei -bath consists of two tin cups and an iron tripod to rest them on ; 
half fill one oup with water, and into it put the other oup oontaming 
the seeds to be dried As an alternative, use a sauoepan for the water 
and a saucer for the seeds to be dried. A simple sand-bath consists of 
a shallow tin or pan filled with sand, supported on a tnpod and heated 
below as usual, t!be seeds being placed in a smaller tin oi a saucer rest¬ 
ing on the Band. UnlesH you have a good drying-oven, you will find 
the sand-bath just described very useful, the simple water-bath 

* See footnote on p 71 
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desonbed has drawbacks, for the lowei oup must be failed up as the 
water boils away, and the water-vapour given oil may 1 each the seeds 
in the upper oup 

122. Absorption of Water by Seeds.—In tlie absorption 
or imbibition of water by dry seeds we have an mtei estrng 
subject for investigation Imbibition is due to the attraction 
of the particles (molecules) of the two substances foi each 
other, which partly overcomes the cohesion of the molecules 
of the imbibing substance, making them separate so that the 
substance swells. The swelling is most marked m iestrng or 
dead tissues Imbibition makes the tissues more poious by 
separating the molecules and is thus an important aid to 
osmosis (Art. 50)—the process which conti ols the diffusion 
of liquids through membranes Imbibition is increased by 
warmth and by the piesence of dilute acids and alkalis, but 
is diminished by that of salts The work done m imbibition 
is shown by the force exerted by swelling seeds or wood, and 
by the fact that heat is given off 

(at) Keep some “dry” seeds in a drying-oven or diying-batli until 
they show no further loss in weight, and then find out whether they 
swell up in watei and whether they germinate The lesults will 
show that killed seeds still have the property of absoibing water 
What other dead substances have this property 9 By wlLflt methods, 
besides thorough drying, could you kill seedB? Try boiling them m 
water oi steeping them lor a fyw days m poisonous Inpuds —e g alcohol, 
acids, oaustio potash 

* (5) When a dry seed is placed in water, how muoh does it absorb, 
and what proportion do the volume and weight of the absoibed water 
bear to the volume of the dry seed? Weigh twenty dry Beans , pour 
water into a graduated vessel until it readies the 150 c c maik, then 
drop in the beans, and shake the vessel to get nd of any an present, 
the rise in level gives the volume of the Beans Take them out and 
place them in moist sawdust for two days, then wipe them diy, weigh 
them, and find their volume as before If you liave no graduated 
vessels, use a glass iar With a strip of paper, marked into mdies or 
oentimetres, gummed on tlie outside of the jar Beans absoib 130 pel 
oent. of their own dry weight of water, oi even more than tins ; Wheat 
and Sunflower seeds absorb about 60 pei oent, Red Clover seeds 100 
pei cent 

* (c) The swelling of seeds by imbibition of water can be easily demon¬ 
strated to a olass Put about 30 giammes of diy Peas and an ecpial 
amount of water into a narrow cylindrical glass jar Cover the Peas 
with a cork whioh will just fit the jar ; smear the edges of the ooik so 
that it oan slide inside the jar, and pass a thermometer through & hole 
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bored 111 its centre Weigh the coik down with lumps of lead or a 
number of weights and nrnik its position by gumming a strip of paper 
on the outside of the jai Pit up a “ control” expeument in which a 
oork with a tlieimometer liangs into a jai containing some watei but no 
seeds 

Note the use of the coik as the Peas swell and push it up, and com¬ 
pare the temperatures, at the beginning and end of the expeiiment, m 
the jai containing the Peas and that containing watei (01 that of the 
surrounding air) 

[d) Saw cubical pieoes of (1) hal’d wood, (2) soft wood, (3) dry wood, 
{■A) fresh living wood, measure their sides carefully, record your 
measurements, and calculate the -volume in each case Set the pieces 
in water and after they have soaked foi a day or two take them out 
and measuie again Whioli swells the more, haid wood or soft wood, 
dry wood oi fresh wood 9 

(e) Does imbibition cause use of temperature m dead Bubstanoes as 
well as in seeds 9 Put some powdeied staioh into a tumbler, to form a 
layer about an inoh deep, put an equal amount of water into anothei 
tumblei, and set a thermometer mto each When the two temperatures 
are equal, pom* the water over the staroh, stir with the thoimometer, 
and note the rise in tempeiatuie (how many degrees?) 

* (/) If a small wooden box (e a a cigar-box with the lid fastened 
down by tacks) is filled with dnea Peas and then immersed m water, it 
will burst as the Peas absoib watei and Bwell Tiy this experiment 
A large mass of swelling Peas may lift a weight of more than 100 lbs 

ig) The foi oe exei ted by swelling seeds can also be shown by filling 
an ordinary nai i ow-necked bottle with Peas, and placing it under 
water in a basin, the bottle should be left uncorked, and some mbbei 
bands should be put round it to prevent the sliatteied glass from being 
tlnown out Another method is to fill with dry Peas an empty rabbit- 
skull and let it lie in water, the bones will be tom apart along the 
seams (sutures) where they join each other, 

* (h) How is the absorption of water by seeds affected by temperature 9 
Weigh about 30 grammes of dry Beans oi Peas, place them in a beaker 
of water at 35° C , set the beakei on a sand bath with a thermometer in 
the watei, and keep the temperature steady at 35° 0 foi two hours 
At the same time place an equal weight of seeds in cool water, with a 
thermometer , first let the water stamd for a time till it acquires the 
temperature of the room At the end of two hours, wipe dry both lots 
of seeds and compare the increase in weight m each case The seeds 
that have been kept m water at 35° 0. wifi have absorbed from two to 
three times as much as those kept in the cool water 

* (*) Weigh about 30 grammes of dry Peas and place them in a 10 per 
cent solution of salt m a beaker or tumbler. At the same time put a 
sinnlai weight of Peas in distilled water (or tap water). Compare the 
weights of the two lots of seeds after two hours, wiping them diy 
before weighing ‘Winch lot has increased most in weight ? 
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123. Where does Water enter the Seed?—When dry 
Beans 01 Peas are placed m boiling water, air escapes fiom 
the nciicropyle, sometimes an-bubbles also come from the 
scar When a dry seed is placed in water or moist sawdust 
or soil, does the water entei solely by the micropyle, or partly 
by the scar, or does any enter by the lest of the seed-coat ? 

* (a) In a box of moist sand, which must bo kept moist by adding 
water eveiy day, plant tluee rows of Beans, those m the first row with 
the soai end downwards, those in the second v, ltli the scar end up¬ 
wards, those in the third laid flat with the scar at one side Pi ess 
them mto the sand so tlmt eaoli seed is half buried, and compute the 
germination of the seeds in the three lows 

{b) Weigh a munbei of dry Beans and fix them into notches out 
round half the oiroumference of a flat cork, about half of each seed 
should dip into the water, with the scar end downwards Weigh an 
equal number of seeds and fix them into the rest of the edge (3 the 
cork, but with the Boar end upwards, well out of the water After a 
few days, lemove each lot of seeds sepaiately, wipe them di}^ weigh, 
and compare 

# (c) Could watei entei by the soar if the nuciopyle itself were sealed 
up? Seal the nuciopyle in some diy seeds (weigh before and after 
seabng) with sealing-wax, plostiome, nibbei solution (or tyre-mending 
oement), put the sealed seeds in watei along with some unsealed dry 
seeds which have also been weighed Tiy two othei lots in which the 
sealing substance ooveis (1) the rcoi but not the mioiopyle, (2) both 
soai and nnoropyle You should wipe diy and weigh the sealed and 
unsealed seeds at mteivals, to find out which lot is absorbing water 
most rapidly and which most slowly When unsealed seeds have 
absorbed the maximum amount of water (about 120 per cent foi 
Broad Bean), seeds with sealed nnoropyle that have been in water 
for the same length of time will have absorbed only about 00 pei cent. 


124. How does Water enter the Seed ?—If you put 

some diy Broad Bean seeds into a ]ai, fill the ]ar up with 
water, and let it stand open for a few days you will notice 
that the seeds swell up but do not germinate (the radicle may 
burst thiough the seed-coat), and a scum forms on the surface 
of the water, which after a time becomes cloudy and lll- 
smellmg. The scum, cloudiness, and had smell aie due to the 
growth of “ germs,” or bacteria , which have evidently entei ed 
from the am, though some may have been present m the water 
(unless it was boiled for Borne tune) or on the seeds (unless 
they weie washed with formalin or other substance that lalls 
germs). Bacteria can only grow in the presence of organic 
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matter, lienee tlie seeds have not merely absorbed water, but 
have also lost some organic matter, winch Las passed into the 
water around them This loss ocorns even when the nnciopyle 
is sealed up with sealing-wax, rubber-cement, etc 

In an experiment, 25 Broad Bean seeda were found to weigh 61*8 
grammes ; after being kept at 45° 0 in a drying oven for two hours 
they weighed 56 2 giammeB, and as this weight was ogam found on 
weighing half an hour later it was taken as the aotual dry-weight of 
the seeds The seeds weie placed m water, wlnoh was renewed every 
day, and after five days the soaked seeds were dried at 45° C till they 
showed a steady weight of 51 3 grammes This means that nearly 10 
per cent, of the solid matter of the seeds hod diffused into the water 

125. Capillarity and Osmosis in Seeds.—Watei enters 
the seed partly by way of the pore (nucropyle) and partly 
through the seed-coat The unciopyle is a canal leading into 
the cavity of the seed, which diaws water in by capillarity 
The water passes round the edge of the cotyledons, into the 
space between them, and mto the radicle-pocket Water 
also enters by osmosis through the seed-coat, and at the 
same time part of the solid matter contained m the young 
plant passes out, m solution, into the water This substance 
which escapes from the seed is largely cane-sugar in the case 
of the Broad Bean When the cargo of a wheat-carrymg 
ship becomes damaged by water on a voyage, the weight of 
the Wheat when dried again is found to have suffered con¬ 
siderable loss by sugar passing out mto the watei We shall 
see later how the Bean seed and Wheat gram come to contain 
sugar after soaking m water and beginning to geminate 

126, Is Air required for Germination ?—The seeds in 
your germination jars and boxes are exposed more or less 
freely to air It is very easy to find out whether air is essential 
for germination, by simply depriving the seeds of air. 

* Drop some seedR mto a gloss jar oi wide-necked bottle, fill up with 
water and coik tightly Ah a control, put some soaked seeds into 
a similar jai, leading it open and adding a little water eooli day to 

S revent the seeds fiom becoming dry, but not enough to oover them 
idinary tap-water oontams dissolved air, but as a rule seeds immersed 
m it, m a ooiked bottle, do not gei ruinate , to m&ke quite sure tliot no 
air reaches the seeds, the water should be previously boiled to expel 
the dissolved air, and the cork sealed air-tight with vaseline or plas- 
tiome To hold the seeds down, fix them into a spiral coil of wire, 
made by winebng iron or biaBs wire round a tube or a stick 
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* 127. How much Air w Ntcwmry to cmible a Seed to O annum te *— 
To answer this question, we may oonfiue some seeds in closed 
vessels containing difteicnt quantities of air, and oompaie the results 
Take foui glass jars, all of the same size, and provided with well-fitting 
ooiks (Fig 34) Fill these jars to diffeient heights with moist sand, 
marking eaoh jar into five equal parts, and putting into the first 
jar enough sand to ieaoh the lowest maik; into the second, sand up 
to the next mark ; and so on The fourth jai will thus oontam four 
times os much sand, and therefoie only a quarter as muoh air, os the 
first Into eaoh jar now place six soaked Beans (or twenty Peas), cork 
tightly, and seal with plastioine and vaseline In whioh jar do the 
seeds germinate best ? Do the i esults suggest that germinating seeds 
cause some ohonge in the an, that they use the air up ? 


A B C D 



Fig 84. 


After thiee or foui dayB, caiefully lemove the cork from one of the 
jars and lower a lighted tapei or matoh into it note what happens 
Open anothei of the jaLa, and dip into it a glass rod which has oeen 
dipped into clear lime-water (oi baiyta-water, made by shaking up 
some barium hydiate with watei and filteiing). 

128. Inspiration of Germinating 1 Seeds.—These experi¬ 
ments show that germinating seeds absoib oxygen and give out 
carbon dioxide, so that a germinating seed changes the air 
around it m the same way that an animal does by its bieath- 
ing Smce the same change is pioduced by burning m air a 
candle (which contains carbon) oi a piece of charcoal (which 
is practically pure carbon), we Bee that the respiration or 
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breathing of a geiinmatmg seed, or of an animal, is simply a 
process of oxidation, a slow burning of caibon Hence the 
seed must contain carbon m some fonn, we shall leturn to 
thiB point later Meanwhile, here aie some fuitlier experi¬ 
ments on the respnation of germinating seeds 

* (a) Get a wide-mouthed jai with a tightly fitting coik , bend a glass 
tube twice at right angles, so that the two parallel legs will be of about 
©Cjual length, and tlirougli a hole in the coik push one of the legs until 
it nearly readies the bottom of the jar (when corked) Fill a Bmall 
muslin bag with Boaked Peas, mixed with bits of soaked Sphagnum or 
dippings of wet sponge, and hang the hag to the lower side of the 
001 k by means of a bent pm Put a hit of sponge soaked m oaustio 
potash solution 1 in a small wide-necked hottle or an egg oup and lower 




Pig. m. 


, Smear the top of the cork and the inn of the 
JSJSS; P 1 * 3 * 101 ? 6 the outside tube in a tumbler or open bottle 

_ 1 _ ^ 1 ° ^ r £?d mk » keep the apparatus in a fairly warm 

plaoe, and note any visible result 

f day or two, when you find that no more watei seems to 

at xr ie b0tt ? m the Jaij m8e the oork and insert a 
,i N0W Wnte out aooount of what has hap- 

ex P 6nment What changes m the air have been 

ESSf wfT^ atm S aeedfl \ W V does the water pass over 
through the bent tube from the vessel outside into the jar ’ 


h solution rapidly absorbs any oarbon dioxide in its neighbour¬ 
hood, but the carbonate of potash formed is soluble . 
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* (b) In the lasb expei iment the caibon dioxide pioduced by the 

germinating seeds was absorbed by the oanstio potash solution in the 
sponge Omit the latter this time , use the same jar (Fig 30), half-fill 
the jar with soaked Peas or Beans, and fix the bent tube so tliat the end 
of one limb is above the level of the seeds, while the outei limb dips 
into a bottle containing lime-water 01 liarj'ta-watei Set the apparatus 

in a warm plaoe, and notice the bubbles of oaibon 
dioxide whioh aio given off, and which cause a 
white precipitate 

* (c) Take three U-tubes and tluee narrow jars 
(or test-tubes a little wider than the 
Place in one arm of each (J-tube (Fig 10) six 
soaked seeds (Peas or Wheat), then invert the 
U-tube after inserting a cork, with a wad of 
soaked ootton-wool to keep the seeds moist 
Half-fill the jars or test-tubes with (1) watei, 

(2) strong oaustio potash solution, (3) strong 
solution of pyrogallol m oaustio potash, and plaoe 
the open ends of the U -tubes m the test-tubes 
If you have no suitable narrow jars, support the 
test-tubes in a stand 

Notioe that m (3) the solution soon rises in 
the inverted (J-tube (how far does it rise, and 
why ?) and the seeds germinate very little (why ’) , Fig 37 

in (2) the solution rises, more slowly, and to the 
same extent (why ?), and the seeds germinate well, 
m (1) the water hardly rises at all, though germination oocuis as in 
(2) What has happened in eaoh case’ In (2) the seeds absorb 
oxygen from the air and give out oarbon dioxide, which is absorbed by 
the potash solution, and the latter therefore rises slowly in the U -tube 
for about a fifth of its length, m (3) the potash and pyrogallol solution 
absorb the oxygen of the air m the U -tube Why does the water not 
rise m (1) ? 

129. Intra-molecular Respiration. —In the foregoing 
experiments it is clear that normal germination does not 
occur unless the seed is supphed with air containing oxygen. 
In some cases, however, a slight amount of growth occurs 
even when the seeds aie deprived of oxygen, and sometimes 
a good deal of caibon dioxide is given off under such 
conditions This is easy to prove by the following experi¬ 
ments 

* (ct) Soak some Peas in water for a day, so that their coats oan be 
removed without damaging the embryo (the coats are removed so as to 
avoid introducing air with the seeds) Fill a test-tube with mercury 
and invert it in a dish of mercury, then pass six peeled Peas under 
the open end of the tube, when they will float up to the dosed end. 
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In a day or ao the teat-tube is half full of gas what is this gas, and 
how lias it been produced? With a bent tube pass a little water under 
the test-tube, so that it will float up to the surfaoe of the meicury, 
then pass up a 8ma.ll piece of oaustio potash , the strong potash solution 
thus formed absorbs the gas, and the mercuiy nses again to its original 
position. 

This production of carbon dioxide, m the absence of free oxygen, is 
called s ‘mtra molecular respiration”, apparently m some way the 
substance of the embryo is decomposed m this process, and besides 
carbon dioxide, ftlooliol and other products ore foi med Tins ‘ ‘ intra¬ 
molecular lespuation” is very niaiked m Peas and Beans In all 
oases it is a process of destiuotion, without healthy growth taking 
place , it seems to be related to the process of alcoholic fermentation 
* {b) Another method, good for demonstration to a class, is to use the 
“Toincellian vacuum” (Ait 62) Pass a few peeled Peas into the 
vacuum at the top of a 33-inoh tube filled with, and inverted over, 
mercury Test, after a day or two, with caustic potash as in the pre¬ 
ceding experiment Note the height of the column (1) after the Peas 
are passed up, (2) afbei the column is depressed by the caibon dioxide 
fanned, and (3) aftei the absorption of this gas by the caustic potash 
In each case note also the reading of the Imrometei at the time 
(why*) 

In each oase, as a oontiol experiment, use Peas wluoh have been 
killed by boiling m water is carbon dioxide produced by killed 
seeds ’ 

Seedlings of Bioad Bean, uhen kept in puie hydrogen, will for 
several horn's give off as much oaabou dioxide as m ordinary air, but 
in most plants the amount of this gas produced by intia-moleciilar 
respiration is much less (about half) than that given out in normal 
respiration 

130. Heat produced by Respiration.—Fioni the fore¬ 
going experiments it is clear that respiration is a process of 
oxidation, ]ust as burning is, and tbis suggests that it may 
be accompanied by the giving out of heat Do geminating 
seeds give out heat^ 

(a) Pit three tumblers or jars with a oork or a oardboard oover, with 
a hole in the centre through whioh a thermometer is passed. First 
compare the readings of the three thermometers by placing them 
together in water at different temperatures. Half-fill one jar with 
soaked seeds (Peas, Beans, Wheat, or Barley answer well), the second 
with seeds that have been killed by boiling (add some corrosive 
sublimate to the water to pi event growth or moulds or Baoteria) \ 
the third with moist Bawdust (as a control) Place the three jars, 
with thermometeis inserted to equal depth m each, in a box, and 
put diy sawdust between and around them ; oover the whole with 
a bell-jar oi a dry cloth, anrl compare readings of thermometers at 
the start of the experiment and then at intervals of a few hours A 
rise of 2° 0 or more may be observed. 
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{b) Instead of jars or tumblers use tluoe test-tubeB, each with a bored 
001 k for tho thermometer , plaoo the tubes horizontally in n cardboard 
box, with thermometer-stems projecting through holes, and pack round 
and botwoen the tubes with dry ootton-wool 

131. Where Air enters the Seed.—Does aii enter the 
seed through the micropyle or thiough the seed-coat, or by 
both routes, as we found to be the case with the water requiied 
for germination ? 

(a) Soak seeds m water winch lias been previously boiled (why ?), m 
two or thiee days they will absorb sufficient water to enable germina¬ 
tion to begin Treat half of the soaked seeds as follows Wipe them 
dry, and close the nnoropyle of each seed with sealing-wax; place these 
seeds on moist sawdust Place the rest of the seeds, unsealed, on moist 
sawdust as a control In which lot of seeds does germination first occur? 

(b) Does air enter through the seed-coat ? Out across a soaked seed 
and fix the upper half of the empty coat, by meonB of sealing-wax, to 
the end of a glass tube, making the joint quite, air-tight (test by blow¬ 
ing through it mto water) Fill the tube with watei that has been 
boiled (to expel air), then invert the tube so that the open end dips 
mto a jai or tumbler of water Does an pass thiough the seed-coat 
and appeal at the top of the tube above the water ? 

132. Influence of Depth of Sowing on Germination. 

—In the lower as couipaied with, the upper layers of the soil 
we find, as might be expected, less air, less circulation of air, 
and more water. How does the depth at which a seed is 
placed m the soil affect its gemmation ? 

* Plant seeds m your glass-sided box at different depths Put the 
seeds olose to the glass, and (unless the glass has been fixed in with 
putty so as to be air-tight) put them near the middle of the gloss. If 
the seed is buried too deeply it does not get enough air for healthy 
gemination, and it is apt to be attaoked by moulds 

133. Warmth required for Germination.—When the 
temperature of the soil falls to 0° 0. nearly all life-processes 
become dormant, and for most cultivated plants these pro¬ 
cesses do not begin until a temperature above 5° 0 has been 
reached. Theie is for all plants a certain range of tempera¬ 
ture within which germination is most rapid and which 
ensuies the highest percentage of plants from the seeds 
sown. The tempeiature below which germination does not 
occur is called the minimum , that above which there is no 
germination is the maximum, while the most favourable 

B. F JE. 6 
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temperature is the optimum , these might he called respec¬ 
tively the lowest, highest , and best temperatures for germina¬ 
tion In general, the temperatures at which the seeds of most 
cultivated plants (excluding, of course, hot-house plants) 
grow best m our climate he between 18° 0 and 35° C , with 
an average about 24° C Here are some examples — 



Minimum 

Maximum 

Oiitinmni 


°c 

°0. 

°c 

Cress . 

2 

28 

21 

Red Clover 

6 

28 

21 

Wheat 

6 

42 

2r> 

Turnip 

7 

42 

27 

Scarlet Runner 

. 8 

40 

33 

Maize 

9 

47 

34 


Wheat and mustaid begin to germinate at 4° or 6° 0 , Scarlet 
Runner and Maize at 8° oi fr 0., Vegetable Marrow (Pumpkin) at 13° 0., 
and Cucumber at 16° C Here are the approximate optimum tempera¬ 
tures for germination of some common plants Barley, Pea, Sweet Pea, 
Phlox, 18° C , Cabbage, Carrot, Lettuoe, Oats, Stook, Petunia, 21° 0. ; 
Rye, Beet, 24° 0 ; Clovers, Tomato, Mignonette, Pansy, 27° 0 

(a) Place some soaked seeds m a glass ]ar and cover them with moist 
sawdust, plunge the jar into a box containing pieoes of me, whioh must 
be renewed as they melt The ioe will last longer if the box contain¬ 
ing it is set into a larger box, and the space between the two boxes is 
packed with dry sawdust (why ?) 

(b) Another method is to use two boxes as m the preceding, but to 
place in the smaller box a single box of ice, with dry sawdust below 
and around it, place the seeds direotly on the ioe and cover thorn with 
dry sawdust, which will be kept moist by the melting ice. 

* (c) In winter and spring the minimum temperature for germination 
should be determined for as many seeds as possible Into a large 
flower-pot or seed-pan put some bits of broken earthenware at bottom, 
and fill up the rest of the pot with sifted soil Plant in the pot a few 
seeds of different kinds, and bury the bulb of a thermometer at tlio 
depth of the seeds, tying the thermometer stem to a stiok thrust into 
the soil Sink the pot up to itB nm m the soil of a garden bed and 
record the temperature each day, looking for any signs of germination. 
After two or three weeks bring the plants indoors , keep the soil moist \ 
make notes of your observations Other pots should be kept in 
different parts of the house or school, in addition to those kept outside. 
Such experiments will show that warmth hastens germination while 
odd retards it 

134. Effects of Seat on Seeds.—When a seed i8 ex- 
poeed for a few hours to a moderately high temperature, all 
the water it contained is driven off, and the young p lan t is 
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lolled. We can only tell whether a seed is alive or not by 
finding out whether it will germinate when exposed to 
suitable conditions 

(a) Place in a small muslin bag a dry bean and a bean that has 
soaked for two days, and dip the bag into water which is boiling over 
a Bunsen or spint-lamp Try several pairs of seeds in this way, 
keeping them in the boiling watei for different times (1 minute, 
2 minutes, etc.), then plant them in your germination jars or boxes, 
■with a suitable label on the glass above oi below each seed Find out 
m this way how dry and soaked seeds differ in their ability to with¬ 
stand the effects of heat 

(b) A better plan is to place the dry seeds m a dry test-tube, the 
soaked seeds m a test-tube half filled with water; oork both tubes, 
and immerse them in a beaker placed on a Band-bath and kept at 
GCP C for two hours (try Severn different tempeiatures and times) 
Then soak the dry seeds m water foi a day or two and sow both lots. 

135. Effects of Cold on Seeds. —We find that dry seeds 
can withstand high temperatures which are fatal to soaked 
seeds On placing seeds among ice oi a freezing mrxtuie we 
find that dry seeds can also lesist low temperatuies that kill 
soaked seeds It has been found that the dry seeds of many 
plants can germinate after bemg exposed for a long time to 
the most intense cold that can be obtained, while soaked 
seeds are usually killed by exposure to the freezing tempera¬ 
ture of water or a few degrees below this. 

(a) Repeat the preceding experiments (Art. 134), using a mixture of 
loe and salt instead of the hot watei 

* (b) Does the seed-coat help the seed to lesist heat oi cold ? Repeat 
the preceding experiments, using and comparing complete seeds (dry 
and soaked) and similar seeds with the Beed-ooat I'emoved. 


136. Is Eight required for Germination ?—This ques¬ 
tion is very easy to answer by experiment 

{a) Plaoe in a dark cupboard or oollar some jars or boxes oontaimng 
seeds planted in moist sawdust Compare with seeds of the same 
kind, planted and watered m the same way, but set m the light 

(i h ) A better plan is to keep the two sets of seedlings olose together ; 
exolude the light from one lot by oovermg the jar or Bmall pot in 
wluoli the seeds are planted by inverting over it a large flower-pot or 
putting it into a tin or wooaen box with a few holes for ventilation 
Compare the rate of growth of the two sets of seedlings from day to 
day, and note any other differences between them. 
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137. Light retards Growth.—These expei imonts will 
show that light retards the growth of seedlings, miuv 
they grow faster in the dark. You will also not ice Hint 
the darkened seedlings have small pale leaves msioad oJ 
well-developed green leaves, we shall deal with these differ¬ 
ences later (Ait 218) 

138. Conditions necessary for Germination.—If you 

have carefully earned out the simple experiments on goimi- 
nation for which directions have been given, you will know 
what conditions are essential foi gemmation of a seed 
which contains a live but dormant plantlet Water, oxygen, 
and sufficient heat are the three essentials for the awakening 
of the young plant fiom its sleep We shall see later that 
for the continued healthy growth of the plant othei things 
aie necessary, without which the seedling after a time dies 


139. Growth in Light and in Darkness,—If you have 

carefully performed the snu¬ 
ff lt pie experiments mentioned 

= = = ===== m Arts 127 and 128, you 
u === = === 11 will see on leflection that the 



Fig 88.—Chart on win oh. to plot the 
Curves of Hedglit and Weight. 


germinating seed must lose 
carbon m its respiration 
To measuie thiB loss wo 
must, of course, dry the 
seeds and seedlings before 
weighing them. Does this 
loss occur both in light and 
m darkness ? c 

* (a) Take about forty BeanH an 
nearly abte m size and weight 
as possible , select four of them 
as samples, and find their weight 
after thoroughly diymg them oil 
a water- or sand-bath or m a 
slow oven Take the dry weight 
of a seed, found in this way, oh 
the average Sow half of the 
seeds m sifted garden soil in a Ikix 
which is kept m darkness, thoothor 
half in a box kept in full light; 
water both lots about equally 
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At the end of eaoh week measure and record the aveiace height of the 
shoot in eaoh lot of seedlings , remove three seedlings from eaoh box, 
wash the roots m running watei (do not leave any in the soil or lose 
them m any way), and diy them thoioughly without charring any 
part When quite dry and brittle, weigh eaoh lot and obtain the 
aveiage weight of the solid matter in eaoh plant Get a piece of 
squared paper, as in Fig 38 (spaoes representing inohes need not, of 
oouise, be inches) As the wookly observations prooeed, traoe two 
linos aoross the shoot, ono (a continuous line) to show the weight, 
the other (a dotted line) the height of the seedlings grown in light, 
draw two other lines in red ink to show the weight, and height, of the 
seedlings grown m darkness. 

* {b) Another method is to use Wheat giams, and grow them with the 
roots in watei Fiom some Wheat count out thnty-six good Bound 
grains, and divide them into batohes of a dozen eaoh, see that the 
weight of eaoh batch is as neaily as possible the same Diy one 
batoli (a) and record the dry weight Tie a pieoe of muslin over a 
tumbler or howl filled with water, and put a batoli (b) of seeds on the 
siuface of the muslm, which should be kept wet Another plan is to 
UBG a piece of flannel, stab twolve holes in it, and in each hole place a 
seed Keep the tumbler in a waim, dark place, and lenow the water 
every second oi thud day Plant the thud batoh (c) as m (b), and 
keep botli at about the same temperature, but when the young shoots 
appear, expose (a) to the light Wheu the shoots have grown seveial 
inohes, oarefully remove the seedlings fiom (b) and (o), noting the 
difference in colour between the two sets Diy them thoioughly, 
without charring even the finest lootlet, and then weigh eaoh lot and 
compare the weights of (a), (b), and (o) 

* 140. Growth. In Soli and in Sawdust.— Have you noticed any 
difference between Bean seedlings grown m soil and those grown in 
sawdust ’ If you sow the two lots of seeds at the same time, watei 
both lots with equal quantities of tap-water, and keep them exposed 
to the same conditions as regards light and warmth, wlnoh lot will 
grow best’ Tiy to find out by measuring heights and diy weights, as 
in the preoeding experiments, and plotting the results m ourvos 

141. The Bean Seed contains Food,—The i ©suits of 
these experiments will show that while a seedling kept in 
darkness grows more in height, it loses in dry weight, 
so that, apart from water, it actually weighs less than 
the seed itself did, and eventually it dies It is obvious 
that this loss must be largely due to respiration, and that 
it is chiefly a loss of caibon m the form of caibon dioxide. 
The seed must, therefore, contain a store of carbon m some 
form, and it is at the expense of this stored carbon that the 
darkened seedling respires and grows On the other hand, 
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■seedlings grown in tlie liglit after a tune increase in cliy 
Weight, and are therefore able not only to repair the loss due 
to respiration, but aie also able to add to their dry weight 
in some way 

To repair the waste due to respiration and to piovide ma¬ 
terial and energy for giowth, the young plant m a seed 
requires a store of food upon which it can diaw during the 
early stages of ger min ation Where and in what fonn is 
this food stored, how is it made use of, and how does it 
compare with the store of food placed at the disposal ot 
young animals— e g in eggs and m milk ? From then* size 
and thickness it is easy to infer that the cotyledons of Beans 
or Peas form the storehouses of reserve food-stufCs 

* (a) Place a pieoe of Bean-cotyledon on the end of a long noodle (a 
needle mounted in a piece of wood like a penholdei is best 101 purposes 
like this), and hold it over the flame of a spirit-lamp, notiLe that it 
turns black in a few seconds Hub the olinned mass on white paper , 
it loaves a black mark of oliarcoal (carbon) Continue to heat the piece 
for some minutes, and note that it bums to ash 

* (b) Heat some dry Beans or Peas m a test-tube fitted with a bent 
tube passing through a bored cork, and dip the free end of the tube 
into lime-water or baryta-watei. Notice the white pieoipitate pro¬ 
duced by the carbon dioxide set free. 

* (c) Crush, or out up into small bits, some Beans or Peas, mix them 
with three or four times the quantity of soda-hme, and heat the 
mixtuie in a test-tube Purnea of ammonia are given off, piovmg the 
presence of nitrogen 

To make soda-lime, mix two parts of quioklime with one of solid 
caustic soda and one of ohaicoal, moisten with water, mix into a 
paste, dry thoroughly, and keep the powdered mixture m a ooiked jar 


142. Food stored in Bean Seed.—From these simple 
tests it appears that m addition to carbon the Bean seed 
contains nitrogenous substances and also some mineral 
matter (ash ingredients) The Bean seed contains all the 
chief kinds of human food—water, mineral salts, proteids, 
carbohydrates, and oil (scanty)—see Art. 185 

143. Carbohydrates.—Starch and sugar both exist 
abundantly in plants, and are called carbohydiates, because 
on analysis the proportion by weight of hydrogen to oxygen 
found united with the caibon is always the same as exists m 
water—viz. 1 : 8 Starch is insoluble in cold water, but is 
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easily converted, by various processes, into sugai, which is 
soluble Both starch and sugai resist change when exposed 
to an*, and sugar is even used to preseive various foods fiom 
decomposition, as ]ams, crystallised fruits, etc A weak solution 
of sugai, however, exposed to the air is soon converted into 
one of alcohol, by the action of Teast Other carbohydrates 
are the celluloses, gums, iuulin, 

* ( a ) Heat some diy laundry staioli id a test-tube Note the conden¬ 
sation of water in the upper part of the tube Tins proves the 
presence of hyib oqen and oxygen in staroh (since water is composed of 
these elements) Note also that the staioli soon begins to blacken , 
proving that it contains caihon, and at the same time duty white 
fumes aie evolved, having a pungent odoui somewhat resembling 
that of burnt sugai Apply a light to the mouth of the test-tube 
—the fumes are inflammable; intioduoe a piece of moist blue litmus 
paper into it—the litnniB becomes red, showing that the fumes are 
acid Introduce a glass rod, on the end of which is a drop of lime- 
water, into the test-tube The lime-water beoomes milky, showing 
.that caihon dioxide is one of the products of decomposition of staioli 
This confiims the piesence of oaibon in staioli (since oarbon dioxide is 
a oompound of caL non and oxygen) When all the volatile matter has 
been driven ofl, a black glistening iesidue of chat coal lemarns 

* ( b ) Shake a very little staich in a test-tube of cold water and boil well; 
add a few diops of iodine solution a blue colour is formed. Boil the 
blue solution, and the blue oolour disappears, to return on cooling 

# (c) Boil a little staroh with dilute sulphurio acid, and test a few drops 
of the solution fiom time to time for (1) staioli, and (2) sugar The re¬ 
actions of staioli are gradually lost, and those of sugar appear instead 

# ( d ) Examine specimens of oane, grape, fiuit, and milk sugars (1) 
Taste them they aie all sweet (2) Boil with a solution of caustic 
potash oane sugar does not oolour the solution, but the others turn 
it biown (3) Add a little Rochelle salt (sodium potassium tartrate), 
then excess of caustic potash, and finally some copper sulphate 
solution 1 [The objeot of the Rochelle salt is to prevent the piecipi- 
tation of cupric hydroxide by the action of potash on copper sulphate ] 
Boil cane sugai only precipitates red cuprous oxide on long boiling, 
but the otheis give a preoipitate at once (4) Add a solution of 
silver nitiate to whioh excess of ammonia has been added, and warm: 
the oane sugai only reduces the silver after long boiling ; the others do 
so very soon 


1 This is called Fehling’s teat. Dissolve 35 grammes of copper 
sulphate m 200 c os of water to make solution a To make solution b 
(to be kept in a separate bottle) dissolve 70 grammes of Rochelle salt 
in 200 c os of 10 per oent. oaustio potash solution Use equal volumes 
of solution A, solution b, and water. 
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(e) Boil some cans sugar with dilute sulphuric acid for ten minutes, 
and test with Fehling’s solution, efco it now gives the same reactions 
as the othei sugars 

These properties of possessing a sweet taste and of turning oaustio 
potash brown and leduoing oopper sulphate and silver nitrate, either 
at once or after previous boiling with dilute aoids, are characteristic of 
the sugais 

(/) Moisten a little starch with a few drops of dilute liydi oolilono 
aoid aud heat gently in a dish The sticky mass obtained is clextnn 
or “ British gum ” This on boiling for Borne time becomes malt sugar 

144, Froteids, or nitrogenous food-stuffs, composed of 
caibon, hydrogen, oxygen, nitrogen, sulphur, and in some 
cases phosphorus, occur m both vegetable and animal tissue, 
though only plants can build them up from then elements 
They form the hvmg substance (protoplasm) found m cells 
of plants and animals, in decaying they give off offensive 
smells Albumin occurs in white of egg, myosin m lean 
meat, gluten in flour, casein m milk and cheese, legxunin 
in Peas and Beans See books on Human Physiology- 

145, Wheaton Flour, made from the grams (seeds) of 
Wheat, makes very convenient material to examine and test 
for starch and pioteids. 

* {a) Take a tablespoonful of wheaten flour aud enclose it m a piece of 
muslin Hold it undei a tap of gently running water and woik the 
flour about by constant squeezing. Cat oil the whitened water as it 
flows away fiom the flout In a little time the water passes off clear 
Keep working it for a little longer time, then open the muslin and 
discover a mass of sticky material this is gluten Let the muddy 
water settle, then poui off the liquid and keep the sediment The 
sediment is staioh \ it forms a large proportion of the flour. 

* (6) Put a small bit of gluten on the end of a mounted needle, and 
hold it over the flame of a Bpirit-lomp, it burns, then turns blaok 
Rub the charred mass on white paper; it leaves a mark of oharooal 
(carbon). 

* (c) Mix a littlo of the gluten with soda-lime, place the mixture in a 
test-tube, and heat by means of a spirit-lamp As the gluten decom¬ 
poses, ammomacal fumes are given off, thus proving the presence of 
nitrogen in the gluten 

(i d ) Put a little of the gluten into a Lest-tubo containing a weak 
solution of caustic potash Shake well ■ the gluten dissolves 
(e) Put another bit of gluten into a small quantity of strong mtno 
aoid in a test-tube or watch-glass Heat Hote the yellow coloration, 
whioli deepens to orange if ammonia solution be gradually added Add 
the ammonia solution very oautiously with a glass tube, as the action 
between the aoid and the ammonia is a violent one. 
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(/) Plaoe a little of the sticky gluten m a test-tube and warm it 
Notice that the heat causes it to solidify 

# {n) Take a little of the milky liquid from the basin The nnlkmess 
is due to Btaioh granules Boil it this makes it go olear Cool the 
dear liquid, and add a few drops of solution of iodine A deep blue 
oolour proves the presence of starch Note that the blue oolour 
disappears on heating 

146. Oils. —Many plants Btore up food m the form of oil, 
the corresponding food-store m animals is fat An oil is a 
liquid winch when dropped on glazed paper makes it tians- 
lucent, a fat is a solid which when melted behaves in a 
similar mannei Oils and fats are compounds made up of 
carbon, hydrogen, and oxygen, the oxygen piesent being in¬ 
sufficient to combine with all the hydrogen and form water 
Chemically they are compounds of “ fatty ” acids with 
glycerine Most vegetable oils are obtained from seeds, e g 
mustard, sunflower, linseed, castor oil Others are obtained 
from the stem, e g oil of turpentine, others from the leaves, 
eg eucalyptus oil, and otheis again fiom the flowers, eg 
lavender oil, or the fiuits, e g olive oil 

147. Oils in Seeds. —Theie are two mam classes of vege¬ 
table oils—(1) volatile, ethereal, or essential oils, obtainable 
by distilling the leaves, etc, m which they occur, (2) fixed 
or non-volatile oils, obtained simply by pressing the seeds 
containing them. Oily seeds usually contain little or no 
starch, and vice versd 

* Remove the coats fiom dry seeds of Sunflower, Ciess, Mustard, Castor 
Oil, fold the Beads m blotting-paper and ci ush between two flat stones 
and note the greasy stain pioduoed, whioh dissolves m ether oi alcohol 
The young plant in a “ Brazil nut” is very rich in oil, as can be seen 
on Gutting the “ nut” aoross, aftei removing the shell the oil is made 
very evident if the knife be heated 

148. Digestion of Reserve Food. —The foods stored up 
m seeds foi the use of the young plants must be insoluble m 
water, and not able to diffuse thiough membianes (cell- 
walls) why? The leseive food m the Bean cotyledons 
must, however, when the seed geiminates, travel from cell to 
cell through the cell-walls m order to reach the places where 
it is needed (radicle and plumule), and m ordei to do this the 
food must be changed into soluble and diffusible substances 
The food stored in a seed must, in fact, be digested befoie 



90 


SEEDS AND SEEDLINGS 


it can be used by the young root and shoot, and the piocese 
of digestion m a plant is essentially the same as in an anunal. 
Find out all you can, from books on Physiology, about the 
digestion of starch, proteids, and. fats In the gemmating 
seed, just as in an animal, Btaick is converted into sugar, 
proteids into peptones, oils into fatty acids and glycerine 
(which are furthei changed into sugars, etc ). 


149, How is Starch digested?—In the human body the 
conversion of starch into sugar is partly effected by sahva 
(formed by glands which open into me mouth) and partly by 
the pancreatic juice (secreted mto the part of the intestine 
just beyond the stomach) In both cases the change of 
staicli into sugar is due to a substance, called a ferment , 
present m the secieted juice. A similai ferment occurs m 
plants, called diastase , the starch-converting ferments of 
animals get other names, but might be called animal diastase, 
to emphasise then 1 essential similarity. Diastase occurs in 
germinating seeds m which starch is stored Starch is 
changed to grape-sugar by being made to unite with the 
elements of water, the action being called hydrolysis This 
can he brought about, as we have seen, by boiling starch in 
water for a long time, or more quickly by adding acid to 
the water 

* (a) Boil some etiiioil in water and put a little of the cooled paste on 
the tip of the tongue. Attei a tune it tastes sweet; some of the starch 
has been changed to sugar by the diastase (ptyalin) of the saliva 

* (b) Mix a little starch paste (made with cold water) in a test-tube 
with saliva, warm it to body-temperature by holding the tube in the 
hand, or placing it in warm watei, for a few minutes, then add 
Fehlhig’s solution, and boil To get a fair quantity of saliva, chew a 
bit of rubber , filter the sahva 

* (c) Add to some starch-paste a small quantity oi filtered sahva which 
has been heated to boiling, after a while apply Felilmg’s test. No 
sugar is foimed, the diastase has been destroyed by heatmg it 

* (rf) Make a tlnok paste with flour and water, and mix with it some 
extract of malt The malt quickly liquefies the paste. Test for sugar 
in the liquid by tasting it, and by using Fehlmg^s solution The first 
step in the prooess of bi owing is to let Barley germinate until the starch 
is changed to sugar, the grain is then killed by heat, and a watery 
extract (malt) is made; yeast is then added, by the aotion of which 
the sugar is changed largely to alcohol, oarbon dioxide being given off. 
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(e) Make thin stai oli-paste by shaking up a little ordinaly starch or 
flour with boiling watei and lotting it stand to cool Get some seed¬ 
lings of Bean or Pea in whioh the radicle lias giown out at least an 
men , remove the Beed-coats, gund the cotyledons up with water, and 
filter through a funnel with filter papeL or thin blottmg-papei Pom 
the starch-paste into white saucois, putting a label on eaoh Leave 
sauoer 1 as it is, into 2 pour a few drops of iodine solution, into 3 
pour some of the watery extract from the cotyledons. Set the three 
saucers in a fanly warm plaoe, and at ter a time test 1 and 3 with 
iodine solution Notice that the sturoh-paste with the extiaot in it 
soon gives only a i eddish colour with iodine, and ultimately lemains 
unooloured by iodine, showing that the staroli has disappeared Taste 
the liquid in saucer 3 the starch has been converted into sugar by 
a substance (diastase) whioh has been extracted from the cotyledons 
(filtei, and to the dear filtrate apply Folding’s test for sugar) 

(/) Squeeze the milky contents of a few sprouting Wheat-grains into 
a test-tube or watoh-glass with a little water, ana stir Filter, add 
a few drops of Fehhng’s solution to the oleai filtiate, and heat a 
bnok-red pieoipitate or ooloLation indicates the presence of sugai 

(ff) Tiy Folding’s test with ootyledons of Bean seedling, also with 
the young shoot and loot; chop up the paits to be tested 

150. How are Proteids digested? —Pioteids aie acted 
on m tlie animal body by tlie gastnc -juice m the stomach and 
by the paneleatic juice in the small intestine; the former con¬ 
tains a ferment, pepsin, which acts only m acid solutions, the 
latter a ferment, trypsin, which acts only m neutral or alkaline 
solutions Germinating seeds contain a ferment resembling 
trypsin, which converts the proteids into soluble substances, 
including peptones Peptones differ from other proteids in 
bemg very soluble m water Pepsin is only found in a few 
plants, e g the pitcher-plant Nepenthes , but vegetable tiypsms 
are of widespread occurrence, and some of them —e g papam 
—aie now largely used in medicine The action ot trypsin 
goes fuither than that of pepsin, the peptones bemg con¬ 
verted into simplei substances 

{a) Get a fiesh pig’s stomach from the butcher’s, cub it open, and 
wash it out. Next sorapo off the inner coat with a blunt knife, and 
mince it up Put it into a mortar, and rub it up with aome 2 per oent 
hydrochloric acid solution Leave it m a worm plaoe for two horns 
Pour off the oleai liquid, put it into some very small fragments of liard- 
boiled white of egg, and keep it at about the temperatiue of the body 
In less than an hour the white of egg (albumin) will piobably have 
disappeuied. It has been changed into peptone. 

(6) Heat some of the liquid from (a), containing peptone, and notioe 
that no dot is formed . peptone is not coagulated by heat 
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(c) Get a fiesh pig’s sweetbread, ohop it up finely, and put it to soak 
in a 1 per cent solution of sodium oaibonabe Pour off the olear liquid, 
and use part of it to show that it turns the starch into sugar Uso the 
other part to show that it digests coagulated albumin 

151. How are Oils digested ?—In tlio human body the 
bile and tbe pancreatic juice act upon fats. They produce 
what is called “emulsification.” Tins simply consists m 
bieakmg up the fat into tmy globules, which remain sus¬ 
pended in the liquid and do not run together again If oil 
is shaken up briskly with water it is broken up into globules, 
but these run together again on standing. 

By first adding a little caibonate of soda to the water, and 
then shaking up with oil, a much more permanent effect is pro¬ 
duced, and this milky fluid may he allowed to stand for some 
tune without any of the oil running together agam The 
emulsification of fats by the bile and the pancreatic juice is 
gieatly aided by the chemical change that the pancreatic juice 
causes fats to undergo It splits the oil into glycerine and 
a fatty acid, the fatty acid nmtes with the alkalis that aie 
present and forms a soap This power of changing fats into 
glycerine and soap (both of winch are soluble m water) is due 
to the presence of a feiment called lipase (Bteapsin) in the pan* 
creatic juice Lipase also occui s in seeds m which oil is stored. 

(а) Pour a few drops of linseed oil into a test-tube, and add a little 
water (about 1 lq deep) Place your thumb over the end of the test- 
tube, and shake the contents vigoiously Note the appemanoo of the 
mixture, and put the test-tube in the stand for a quai tor of an horn*. 
It will then be noticed that the milky apiioaranoe Iulh disappeared, and 
that the oil and the water have separated again into two distinct 
layers This is only temporary emulsification 

(б) Repeat (a), but this time add a pinch of oarbonate of soda to the 
water before shaking up The emulsification produoed this time is of a 
muon more permanent character 

(c) Shake up some linseed oil with its own volume of 50 per cent 
alcohol (diluted methylated spirit) and test it with litmus papers • it 
is neutral Add to the mixture some Castor Oil seeds whiah have just 
begun to goimmate (crush oi ohop them upland test again with litmus 
after a few hours notice the acid leaotion due to fatty aoids 

(d) Heat a little glycerine with small pieoes of aoid potassium 
sulphate for a few minutes note the sharp, pungent smell produced 
lest some of the liquid from (c) in the same way the characteristic 
smell (of acrolein) shows that glycerine is present Another test for 
giycerme is to odd a few drops of copper sulphate solution and then 
potash solution; a deep blue colour is produoed, but no preoipitate. 
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152. How long* does the Seed's Food last?—We shall 
see later that green plants get their food from two main 
souices, air and soil The young plant in a seed has a store 
of food for its early growth, a stoie which is sometimes very 
scanty and sometimes (as m Bean and Pea) very abundant 
We know that tap-water and even rain-watei aie not pure, 
but contain dissolved substances, while soil-water or nver- 
water will be much richer m dissolved matter In order to 
find out how long the stoied food lasts, we should therefore 
use distilled water, so that we know exactly what the loots 
have had at them disposal, we may use well-washed sand 
and water it with distilled water Seedlings whose roots 
grow in pure water do not live very long, as a rule, especially 
3 they aie kept m daikness, when them dry weight diminishes, 
and they die after using up the stored food In the light, 
however, the see dlin gs live longei, and for a time mciease m 
dry weight 

Bean and Pea seedlings exposed to light, with then roots 
m distilled water, grow for several months and may even pio- 
duce flowers, though they aie small and weakly as compaied 
with seedlings grown m soil or in a culture solution Small 
seedlings, with scanty food-stores—e g Mustard—live only a 
few weeks when exposed to light and supplied with distilled 
water, and for a shorter time when kept in daikness 

# (a) Deprive Beans and Peas of one oi Loth cotyledons, and observe 
the result Remove the ootyledons, in different oases, (1) ^ust after 
the seed has been soaked, (2) after the root has grown 2 ins long, 
(3) after the plumule has grown 2 ms long. 

* {b) Grow vaiious seeds in jars containing distilled watei, fixuig them 
either into holes in muslin or flannel, or into spht or boied oorks, fill 
up the water as required, but always use distilled water Keep some 
of them in darkness, expose otheis to the light, and compare their 
growth and their morease or decrease in dry weight Another method 
is to let the roots grow into sand that has been washed thoroughly with 
tap-watei and then with distilled water, using the latbei for watering 

153. How is Food transported ?—Tbe foods produced by 
the action of ferments are soluble, and therefore able to travel 
to the places where they are needed, to supply material and 
eneigy for the growth of the young root and shoot It is 
easy to trace the passage of the digested foods, especially m 
the oase of sugar, because whenever the sugar accumulaets 
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some of it is usually changed back to starch, for a time at 
least 

* In seedlings of Bean, Pea, and other plants you are growing, note 
that the root and shoot of the ungermmated seed os a rule contain no 
starch, but that after gei nnnation has begun starch appears in the 
young root and shoot, out these parts longitudinally, and apply iodine 
solution to the out surfaoes 

154. Energy famished by Foods.—The amount of energy 
supplied by a food may be found by measuring the heat pro¬ 
duced by burning it, and it is therefore called the fuel value. 
The fuel value of carbohydrates and proteids is about the 
same, that of fats is more than twice as gieat In plants, 
as in animals, the enei gy is obtained fiom the food by 
oxidation (= burning), and caibon is the principal substance 
burned, setting free carbon dioxide Burning 1 gramme 
of carbon sets fiee enough energy to raise 8 kilograms 
(= about 2 gallons) of water from 0° to 1°C, and about 
2 litres (about 2 quarts) of carbon dioxide are given off. 
If all this energy were used in mechanical work, it would 
suffice to raise 3,400 kilograms through 1 metie (i.e. to 
raise more than 3 tons a yard high) The energy is used up 
by the plant in the form of heat and of chemical work, in 
addition to mechanical work 

155. Emergence of Seedlings from the Soil.—You will 
have noticed the way in which the plumule of the Bean pro¬ 
tects the young leaves from injury by bending backwaids at 
the tip as it pushes its way upwards Seedlings can grow 
through haid and stiff soil, and in doing this the plumule 
must exert considerable force The shoot of a Broad Bean 
seedling can push upwards with a force of over a pound, and 
Bince its diameter behind the hooked part is about one-eighth 
of an inch, the force exerted = 80 lbs per square inch From 
the fact that the cotyledons of a Broad Bean of average size 
contain about a gramme of carbon, the seedling can get a large 
amount of energy by using the stored food 

* (a) Plant some Beans about 3 ins deep m moiBt soil or sawdust 
in a flower-pot, and paok stiff clayey soil (or plasticine) firmly above 
them. Watch them to see whether they emerge at the sides or whether 
they push the whole mass of olay upwards 
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(b) Invert a short test-tube over a Bean seedling with a plumule 
about 3 ins long, then place over this a vertical gloss tube open at 
both ends, inside which the test-tube oan slide freely, and olanip this 
tube to a support. Into the upper end of the open tube plaoe a socond 
teBt-tube containing mercury 01 shot Mark with a paper strip the 
level of the top of the shoot, and see what weight of mercury or shot 
is required to prevent the shoot from continuing to grow upwards. 
Another method is to use a spring mside a dosed tube m place of the 
mercury or shot, measure how much the force of the shoot, pushing 
up its tube, oompresses the spring, then find what weight is needed to 
compress it to the same extent 

156. Other Seeds and Seedlings. —We still have several 
experiments to make with Broad Bean seedlings Therefore 
you should have seedlings leady m drffeient stages of growth,, 
besides making observations on those which you sowed m 
soil in pots or boxes, indoors as well as in. the garden, the 
latter should by this time be in flower, or even m fruit 

Now examine the seeds of a few othei plants for comparison 
with those of the Bioad Bean If you are really intei ested 
in Plant-life and have sufficient time, you should examine 
and germinate the seeds of all kinds of plants, both wild and 
cultivated This easy and interesting line of work is peihaps 
unrivalled as a means of gaining an insight into the physio¬ 
logy of plants, their adaptations, and their evolution 

157. French. Bean and Scarlet Banner. —-First get 
some seeds of Dwarf Fiench Bean (Phaseolus vulgar is) and of 
Scarlet Bunnei (P midtiflorus) . In both notice the position 
of the scai’, the micropyle, made conspicuous by its raised 
margin, the wrinkling of the coat while the seed is soaking, 
the two very distinct foliage leaves of the young shoot, with 
the veins plainly visible; the small root-pocket mside the 
seed-coat Make sketches of the seeds and seedhngs of 
these plants and compaie with those of Bioad Bean (Fig 39) 

* Sow the seeds of these two plants and observe carefully what 
happens m germination In the Runner the ootyledons remain below 
the soil, as they do in Broad Bean, the ootyledons are m this case termed 
hypogeal . In the Frenoli Bean, however, the cotyledons are pushed 
upwards into the air, along with the young shoot, and are theiefore 
termed epigeal How does this come about 9 Plaoe seeds of the two 
kinds in your germination-]ars or gloss-sided boxes (Arts 114, 115) and 
watch their germination The best plan is to remove the seed-coat 
from the soaked seed, break off one cotyledon (as m Pig 39 f), and plaoe 
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within the glass the lest of the plantlet You should be able to find 
out foi youiself that the carry mg-up of the cotyledons in the French 
Bean is due to the growth of that portion of the young plant’s axis 
which lies between the cotyledons and the root. From ltsposition, 
this region is termed the hypocotyl (Cheek hypo = below) The same 
thing ocours in many other plants—in the vast majority of plants, in 
fact, the ootyledons aie epigeal In most oases, oarned-up (epigeal) 



Fig 80 — Frenoli Bean A and B we views of the entire seed, 0 to F are views of the 
embrj o (Heed ooat removed), G to L are stages in gennination 

cotyledons are, or become, thin and expanded like typical foliage- 
leaves. Examples of this are afforded by Sunflower, Mustard, Cress, 
Sycamore, Lupin, etc In the different speoies of Phaaeohia (Dwarf and 
Climbing French Beans, Runner Beans) we get a transition from the 
kypogeal to the epigeal type of seedling. Note the gradual shrivelling 
of the cotyledons in the Soarlet Runner seedlmg—to what is this 
shrivelling due 9 

You will notice that while the first two foliage-leaves aie simple 
and heort-shaped and stand opposite eaok otliei, the later ones are 
compound, having three leaflets, and arise singly from the stem ; what 
other differences can be observed ? Notice the very regular arrange¬ 
ment of the side-roots in four rows on the mam-ioot 

Sow Soarlet Runner seeds in boiI m pots and in garden border, so as 
to get flowering and fruiting plants for study later on Why is it 
considered necessary to sow the seeds of this plant near sticks or other 
supports 9 
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158. Garden Pea. —In the G-arden or Eatmg Pea (Pisurn 
tiaiivwm ) notice that the transparent coat enables one to see 
clearly m the soaked seed the scar, the micropyle, and the 
root, all lying m the same line with the root-tip pointing to 
the micropyle The cotyledons remain below ground, and 
the earlier foliage-leaves resemble those of the Broad Bean 
seedling The later leaves are rather like those of Broad 
Bean, but the uppermost leaflets aie developed as tendrils 

159. Sweet Pea. —Get seeds of Sweet Pea (Lathyrus 
odoratvs) and sow them in pots and in the gaiden In what 
respects do the seeds and the seedlings (a) lesemble, (&) differ 
from, those of the Garden Pea ? Why do Peas, like Eunner 
Beans, need to have sticks oi other supports placed near the 
young plants P Por how long can they grow without sup- 
poitsP What happens if no sticks aie placed near them? 

160. Oak (Pig* 40) —In autumn get some ripe acorns, also 
unripe ones still attached to the “cup ” Notice the cncular 
patch at the bioad end, how is this 
patch caused? Pull an acorn out 
of its cup, the patch is a scar 
What do you see at the narrow end ? 

If you had examined veiy young 
acorns, you could tell at once that 
this end bore a tuft of three projec¬ 
tions, which served to catch pollen 
and weie the stigmas of the “female” 
flower Sometimes only the style 
which carried these stigmas remains 
on the ripe acoin as a short stiff out¬ 
growth These facts show that the 
acorn is not a seed, but a fruit The 
hard coat is not the seed-coat, it cor¬ 
responds to the shell of the Bean-pod. 

Peel off the shell and notice the thm skin mside it, cut 
across the white contents of the acorn near the broad end and 
notice the line limning across (Pig 40, D) Does the seed 
split readily into two lobes, as do the seeds of Beans and 
Peas ? What does this splitting indicate ? Pull the lobes 
apart and notice that one bears at its pointed end a conical 
n. f. m. ? 



FJg. 40 —Gurmiuation of Oak. 
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pointed body, wlnle the other shows in the coiTosponcling 
place a groove, sometimes half of the pointed body lemaiiih 
on one lobe and half on the othei. The appearance of thin 
body suggests that it is the young root, while the two lobes 
are evidently cotyledons The young shoot is small, but quite 
visible 

The acorn, therefore, contains a seed, consisting of a plant-lot 
covered by a thin seed-coat It answeis to a Bean-pod 111 
which only one seed has ripened, one-seeded pods occur m 
Glovers, etc The acorn is an example of a one-seeded fi uit. j 1 
such fruits are called akenea (or achenea) when they do not 
open to let the seed out 

Soak npe acorns and sow them Look for Oak-seed lings 
near the tiees. Notice the splitting of the hard shell into 
several teeth at the narrow end, the emergence of the root, 
and the curious pushing-out of the young loot and shoot, by 
the elongation of the cotyledon-stalks, between which the 
shoot grows np. The earliest foliage-leaves have their edges 
even, or only slightly lobed, but otherwise resemble the later 
leaves The cotyledons gradually shrivel inside tlio split 
shell, do they contain food at first (test with iodine) ? 


161. Sycamore (Fig 41).—In autumn get some “ keys ” 
of the Sycamore Maple The keys are at first joined in 
pairs (sometimes threes) and each has a “ wmg ” Watch tlio 
keys being blown from a Sycamoie-tree on a windy day, not¬ 
ing their spinning or whirling movement through the air 
Does this movement carry them a long way from the tree ? 
Wlat causes the keys to whul ? Can you see how the whirling 
movement causes the “ seed ” to bore its way into soft moist 
sod P Throw keys into the an- or drop them from a height, 
noticing how they fall (if calm) or aie earned away (if windy). 
Repeat the experiments with keys from which the wmg has 
been removed, compare the tames taken for winged and wing¬ 
less “ seeds ” to fall through the same distance. 

If you have examined the green flowers of this tree, you 
wdlknow that the keys are formed from the chambers of the 


M mhlS oTn^ \T e W ° T three s f eds («w«onalIy as many 
and the n/ Hfe L? 1B , eas , U 7 8een when germination takes iilaao 
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SEEDS AND SEEDLINGS 


99 


ovary, each of which is produced into a flat outgrowth at the 
upper and outer edge, this outgrowth becomes the wmg 
The two keys split apart when upe, but for a time they 
dangle at the ends of a Y-shaped thread whose lower end is 
attached to the flower-stalk (Fig. 41, A, B), 

Open up the chamber of a npe key and notice the brown- 
coated seed. Where is the seed-stalk attached, and what do 
you notice about the inside of the chamber ? Carefully peel 




Fig 11 —Fiuit (A, B), Sood (0, D, E), and Soodling (F) of Sycamonu 


off the thin brown seed-coat and note the long curved loot 
Evidently the young plant fills the whole seed, as in the Bean, 
while the key itself is, like the Acorn, an akene Sketch 
the young plant, then try to straighten out the long stiap-like 
ootyledons (they will be less brittle if the seed is soaked in 
water), noting the peculiar and neat way in which they are 
folded and wrapped up. Try to find the small shoot-bud 
between the bases of the cotyledons. 

Sow some keys and sketch stages in then* germination. 
The root emerges from the side of the key where it split 
from the Companion key, the cotyledons are carried up into 
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the air and become straightened out The young shoot does 
not grow out so quickly as in the case of a Bioad Bean 01 an 
Oak seedling, the cotyledons of the Sycamore do the work 
of foliage-leaves (to he studied later), whereas in Bioad 
Bean and Oak the cotyledons serve as stoiehouses of food 
Carefully compaie the Oak and the Sycamore with refeience 
to the structure of the seed and its mode of germination, 
and think out the advantages and disadvantages of these two 
types of seedling. 

An in the case of the Oak, you can at the light time of 
year (during which months ?) get seedlings of the Sycamore, 
both near the trees and at considerable distances from them 
Notice that the earliest foliage-leaves are snnplei m outline 
than the later ones (Pig. 41, P) 

162. Sunflower (Pig 42) —Get “seeds ” of this plant, and 
if possible Sunflower heads of different ages showing flowers 
and fruits In this case, as in Oak and Sycamore, the 



Fig 42,— Germination of Sunflower. A, ontlru ultimo j B, buulo with lwlf of tlio ylioli 
removed, 0, ombiyo with ono cotylodun rumuvud. , IS—It, Btagua in gorminutlon 


u seeds ” are really dry one-seeded fruits (akeneH) The 
Sunflower akene is attached to the plant by its narrow end 
(compare with Oak), and the hard shell is the fiuit-eoni; the 
upper parts of the flower fall off and leave only the fertilised 
ovaiy, i,e, the akene. 

Soak some akenes in water for a day or two and note that 
the shell splits along the edge into two pieces to let the root 
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emerge from the pointed end The seed is attached by a 
short stalk to the pointed part of the akene; it has a thin 
coat and contains an embryo (note the two fiat cotyledons, 
root, shoot) The cotyledons come above ground and turn 
green The stalk (hypocotyl) which carries them up is at 
hist bent downwaide at the top. This hook or loop is seen 
in very many seedlings, whether the cotyledons stay below or 
come up , in the former case it is the part above the cotyle¬ 
dons that is hooked, in the latter case it is the part below 
them (hypocotyl) Test the cut surface of a Sunflower 
cotyledon with iodine solution it gives a brown stam. No 
starch is present, the reserve-food consisting of oil and 
proteids, Sunflowers are grown m Eussia, etc., for the oil in 
the seeds, used m making oilcake. 

163. Maize (Fig 43) —G-et some Maize “ seeds,” also a 
Maize “cob,” from a 
corn-merchant The 
seeds of the “ White 
Horsetooth ” variety 
are much better for oui 
purpose (becauselarger 
and moie regular in 
shape) than the ordi¬ 
nary “ Indian Oom ” 
sold for poultry-food 
A glance at the cob, on 
whose axis the grains 
are ciowded, shows 
that the narrow end 
of the grain is the 
fixed end, while the ex¬ 
amination of a young 
cob sIiowb that the 
thick end at first bears 
a long feathery out¬ 
growth — the stigma. 

The ripe gram of 
Maize iB therefore a 
one-seeded fruit, the stigma has fallen off nud left no 
trace. 



Fig 43 — Germination of Maize 
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On the outside of the grain, notice (1) the withered 
remains of the stalk at the narrow end, and (2) the oval 
patch on one side Examine the patch carefully, using 
several grains, and see if you can make out two ndges on it; 
one occupies the upper part of the patch (i e towards broad 
end of gram), the other the lower end, and both are in the 
same straight line drawn longitudinally thiongh the middle 
of the patch (Fig 43, B). 

With a krufe catch at the pointed end of the grain and 
tear off the thin transparent tough skin Then try to learn 
something of the structure of this patch Are the two 
i idges caused by outgrowths fiom the patch ? Try to raise 
them from the patch by putting the pomt of the knife- 
blade below each ridge. If you do this caiefully you will 
see that these are two appendages which are fixed to the 
middle of the patch, the free end of one points upwards 
(i.e to broad end of gram), that of the other downwards. 
Perhaps this is all you can make out of the structure of 
these appendages at present 

Does the oval patch itself he on the surface of the grain, 
or does it pioject some distance into the inside of the gram ? 
How cam we determine its shape and position ? 

Lay a gram on the table with the pntch-beanng side 
uppermost (choose a gram of regular shape) and make a 
clean slice down the middle of the patch If you have cut 
in the light way, you should see the two appendages plainly, 
attached to a faiily thick Btrucfcuie which piojects deeply into 
the gram and nius acioss its interior (Fig 43, 0) 

With the knife-pomt, or a pm or needle, gently poke 
the two appendages about, you will find that the lower 
one is a solid peg, while the upper one separates into layers 
The uppei appendage is the young shoot, bearing leaves, the 
lower one is the young root; this will be more apparent when 
you compare the seedling with the seed Wlmt is the slneld- 
like oval body to winch these appendages are attached ? If 
you lecall the appearance of a Bean embryo from which one 
of the cotyledons has been removed, you will probably 
conclude that this oval body is the cotyledon of the Maize 
embryo. 

To see the shape of this " cotyledon ” more clearly, trv to 
remove the embryo fion; a well-soaked gram, by carefully 
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scraping the convex surface and freeing this body from 
the rest of the gram, you will see its sliield-like form 
more clearly. Some botanists prefer not to call this body 
(found m the grains of Grasses and Cereals) the cotyledon, 
it might be simply called the shield. What does the 
white inside of the grain suggest as to the probable nature 
of the stored food? If the shield, the root, and the shoot 
together make up the young plant, what is the vest of the 
seed ? 

Smear the cut surface (longitudinal section) with iodine 
solution This produces a vivid contrast between the young 
plant and the rest of the seed, the former is stained brown 
(proteid), the latter blue-black (starch), the two parts being 
separated by a sharp line. If the gram has been in water 
for some time, some starch will be present m the young 
plant how doeB this come about ? 

The starch-containing part of the Maize gram is some¬ 
thing which is not represented in any of the seeds we have 
so far examined. It therefore deserves a special name, and 
it is called the endosperm. The Maize seed is said to 
be an endospermic seed , because in addition to the yoimg 
plant present m all seeds it contains a tissue 01 region m 
which food is stored. Seeds which contain no endosperm, 
that is, nothmg except a young plant, are therefore called 
non-endospemnic seeds , e.g Beans, Peas, Oak In non- 
endospermic seeds the stored food is contained m the young 
plant itself, usually in the cotyledons. 

When Maize germinates, 1 the young root appeals first and 
grows vertically downwards. It beaiB rootlets, but it does 
not (as in Bean, Pea, etc ) give rise to the whole root-system 
of the plant Examine and sketch seedlings of different 
ages; m one showing the first green foliage-leaf, study (1) 
the root system, (2) the shoot system. 

(1) Note that two, three, or more roots have grown out 
from the base of the young shoot Examine the bases of the 
roots by means of a lens, and observe in each case the minute 
sheath out of which the root appears to grow, this sheath is 


1 You will find that Maize germinates very slowly unloss supplied 
with more warmth than most of the othor seeds so far mentioned- 
Wheat germinates (juiokly, and might he nsec] first, 
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produced by the newly formed root bursting through the 
tissue of the parent axis 

(2) Obseive the tubular sheath through the burst apex of 
which the fust foliage-leaf has made its appearance Com¬ 
pare this with earlier stages of germination, especially noting 
that at first the sheath is closed at the tip, that for some 
time—certainly for so long as it remains under the soil—it 
grows at the same rate aB the oldest leaf of the enclosed bud, 
but that sooner or later it gets burst by the rapidly elon¬ 
gating foliage leaf after the tap of the cone is earned well out 
into the air 

Make a longitudinal section of the grain and the young 
shoot, taking caie as nearly as possible to bisect the central 
axis of the embryo Observe that the “flour” 01 endosperm 
of the gram, especially in the neighbourhood of the'develop¬ 
ing plantlet, is reduced to a pulp The shield-like cotyledon 
remains m its original position and acts as a digesting and 
absorbing organ, it produces the ferment (diastase) that 
changes the starch stored in the endosperm-cells into sugar, 
which then must pass m solution through the cotyledon to 
reach the young root and young shoot This is easily ob¬ 
served, for whenever sugar accumulates in any part of a 
plant it is partly re-converted into starch The action begins 
as soon as the gram has absorbed water, and the iodine test 
shows that starch appears in the young plant 'In the “ Sugar 
Maize” the conversion of staich into sugar begins before 
germination, so that the grain contains a good deal of 
sugar 

164. Wheat resembles Maize in the general structure of 
the grain and the mode of gemmation, hut there are several 
differences m details, which should be carefully noted. 

In a soaked Wheat gram, note the deep furrow running 
along one side, the small projecting body (embryo) at one 
end of the opposite side, and the tuft of hairs at the other 
end Sketch each side of the gram With a needle remove 
the coat of the grain over the embryo, so as to see the radicle 
and plumule, behind which lies the slneld-like cotyledon 
Shoe the gram longitudinally, cutting down the gioove, and 
sketeh what you see (use a lens) Touch the cut surface with 
iodine solution the endosperm turns nearly black, the embryo 



SHEDS AND SEEDLINGS. 


105 


brown With a needle raise tlie radicle and plumule fiom 
tlie cotyledon; m tlie plumule note the young leaves, winch 
can be sepaiated by using the needle 

Sketch stages m ger min ation, noting the aiTangement of 
the foliage-leaves m two rows, their grass-like form, the 
parallel mam veins joined by delicate transverse veins 
In a seedling showing the second green leaf, examine the 
root system and shoot system, as described for Maize 
Notice the shrunken appearance of the grain, which is now 
soft and pulpy Squeeze the gram and notice the milky or 
watery fluid which escapes, the milkmess is due to the 
presence of the minute starch grams Taste the fluid it 
contains sugar Examine some of it with the microscope, 
and notice that the grams are corroded and broken up 
while the starch is being converted into sugar Tear open 
the gram, wipe away the pulpy contents, and notice the 
white “ shield ” (cotyledon), which secretes the diastase 
lequued for the conversion of the starch mto sugai and 
tluough which the sugai passes to the growing parts of the 
root and shoot systems £See Fig 31 (Wheat on the light). 

* 165 Further Work with Seeds and Seedlings should be oamed 
out as time permits Soak, dissect (remove coat, cut sections), and 
examine with lens as many different seeds as possible Test out sur¬ 
faces with (1) iodine solution for staroh (blue) and proteids (brown), 
(2) a drop of strong sugar solution, followed by a drop of strong sul¬ 
phuric acid (bright red oolour = proteids), (3) mtrio aoid and ammonia 
(yellow colour = proteids). Praotically all seeds contain proteids, 
together with starch or oils If the seed gives only a brown oolour 
with iodine, showing the absenoe of staioh, try tlie tests for oil (Art 147), 
and foi oellulose (Art 171) Cut thin sections and examine them with 
tlie microscope In Maize and Wheat note the outermost layer of 
cubical oells in the endosperm, paokod with proteid grains (“aleurone- 
giams”), also the layer of columnar oells (epithelium-layer) on the 
surface of the cotyledon, which secretes ferments 

Sow the seeds in moist sawdust or soil, note the temperature required 
(or most favourable) foi geimmation m each case j examine and sketch 
the seedlings from time to time In moistened seeds of Linseed, 
Cress, Turnip, Mustard, notice the jelly formed by the swelling of the 
gummy seed-coat when it absorbs water Small seeds—e g, Cress, 
Wheat—should be grown ou muslin or flannel stretched over a tumbler 
filled with water, oxamme the roots for root-hairs and rootlets 

* 166. Seeds with Food stored in Young Plant —Examine the seeds 
and seedlings of Linseed, Cress, Mustard, Turnip, Radish, J,‘jGarden 
Nasturtium” ( Tropaeolum ), Horse-Chestnut, Vegetable Marrow, Melon, 
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In nearly all oases the cotyledons are oamed up into the air by the 
lengthening of the hypoootyl In Horse-Chestnut the large ootyledons 
are partly fused together j notioe that on germination the young stem 
and root are pushed out of the seed by the lengthening of the cotyle¬ 
don b talks In Vegetable Marrow and Melon notice the method by 
which the seedling gets its cotyledons out of the cavity enclosed by the 
rigid walls of the flat seed , an outgrowth (“peg'*) is formed to hold 
down the lowei half of the seed-coat against the soil, while the growing 
shoot raises the upper half of the seed-coat and thus gets free In 
Mustard the cotyledons are two-lobed, while m Cress (Fig 31) they 
are thiee-lobed In the “ Nasturtium ” (Ti opaeolum majus) the later 
leavoB have a nearly oiroular blade with even margin, and the stalk 
is inserted at the oentre of the lower side of the blade, but in the ear¬ 
liest leaves of the seedling the leaf-blade is lobed and the stalk in¬ 
setted at the lower maigm, as in the adult leaves of the closely-allied 
loaves of the Canary Cieepor ( T . cananensc). 

167. Brazil “Nut.” —In this seed the hard Bhell is the seed-coat; 
the minute cotyledons oooupy the broader end of the embryo, the root 
being at the narrow ond The greater part of the embiyo oonsists of 
the swollen axis (hypoootyl), whose oolls contain profceid and oil The 
two cotyledons and the plumule can be seen in a Beotion examined with 
the microscope—if the section has been out in exaotly the light place 

168, Endospermio Seeds,—In many seeds the stored 
food is not contained in any part of the young plant itself, 
but in a special part of the seed called the endosperm, 
which lies within the seed-coat but outside of the young 
plant (embryo). In some cases the endosperm surrounds the 
embryo (e g Castor Oil, Ash) In others the embiyo is coiled 
around the endosperm, e g. Buckwheat. In all cases, how¬ 
ever, the ladide of the embryo is close to the surface of 
the seed, just within the micropyle. In Maize, Wheat, and 
other Cereals and Grasses the embryo and endosperm are 
sharply separated by a plane drawn across the seed. Un¬ 
fortunately the old term “ albumen n is often used instead of 
endosperm, and this sometimes leads to confusion. Endo- 
spernne or “ albuminous ” seeds aie seeds whose food is 
stored m a part outside of tlie embryo , and thiB food may be 
chiefly staich ( e.g . Maize) or largely oil (e g Castor Oil), or 
cellulose in the fonn of much-thickened cell-walls (e g Date). 
The term. “ albuminous ” does not, theiefore, imply ’the pre¬ 
sence of egg-albumin, though seeds do contain proteids, and 
exactly the same lands of food are stored in endospernne and 
uon-endospermic seeds alike, 
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# 169 Caator Oil. —Notioe the spongy nmss ooienng one end of the 
seed, the haid seed-coat, the oily endosperm, the ombiyo in the 
middle of the ondospenn, with tlmi 

ledons pressed together (try to 
root and shoot); out longitudi¬ 
nal and transverse sections The 
spongy mass (an!) soaks up watei ; 
piovo by placing seeds in hot water 
that this mass lies olose to the nnoro- 
pj lo See Fig. 44 

* 170. Ash. — Steep tho friuts 
(“ keys ”) of Ash-tree in water, then 
out open tho fruit-cavity and notioe 
the flat seed suspended at the end 
of a long stalk winch runs along one 
odgo of the seed Shoe away one of 
the flat sides of the seed and expose 
the straight embryo, lying m tho 
horny tissue (endospeim) fined with 
lesorve food. 

* 171. Date. —Examine a Date seed (t e tho “stone”) Notice the 
deep gLQove along one side Sorape tho surface on the other side, to 
see tho small embryo embedded in the stone (endospeim) Cut tho 
Btono aoross at this point; then dip the stone in dilute sulphuric 
acid and apply iodine (test for cellulose) Plant some Date stones m 
damp sawdust or soil, set in a warm place (a heated greenhouse, if 
possible), and sketoh stages m then germination Open the stone 
m some of the seedlings, and then notice the softening of the stone 
and the extent to whioh the cotyledon has grown inside it. Notioe 
in seotions of the stone that the cell-walls become thiunei, and that 
starch appears m the young root and shoot, in darkness as well as 
in light The digestion (conversion into sugar) of the reserve food 
(cellulose) is due to the seorotion of a ferment (oytose) by the cotyledon 

# 172. Onion.— Examine a seedling of Onion before the embryo has 
finally withdrawn its cotyledon from the seed Observe (a) the long 
slender root , ( b) the slight swelling at the base of the root marking the 
position of tho relatively short stem from which arises (c) the long, 
hollow cotyledon whose tip is still within the seed-coat Remove 
the seed-coat and obsei ve the odourless end of ootyledon coiled like a 
watoli-Bpriug within the seed. During goimmalion the cotyledon 
absorbed tho food fiom the endosperm and passed it on to the growing 
parts In older speoimens observe how the an-exposed tip of the 
cotyledon withers, also note the formation of secondary roots from 
tire base of the short stem, and slit open the hollow sheath at its 
base to see the dehoate pale-green plumule within In still older 
apooimeus (lie plumule itself lias split the sheath as a result of its 
growth, 
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Fig 44 —Seed of CJftfltor Oil 

A, Longitudinal noatlon, 13, Tuina- 
teree The link outline ropieaunta 
the nee \ oo it 
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* 173 Pine.— In a Pine seed notice the thin wing, serving for vmd- 
diBpersal. Dissect the seed and notice tlie ombiyo (consisting of 

iodide, hypoootyl, and numerous 
cotyledons in a oirole around the 
plumule) sui rounded by the endo- 
speim Sketch the Btages m ger¬ 
mination (Fig 45) 

174. The Uses of Cotyle¬ 
dons.—Fiona the seedlings you 
have studied, you will observe 
that the cotyledons, or first- 
formed leaves of the young 
plant, have different functions 
or uBes m different plants 
They aie always concerned with 
the feeding of the young root 
and shoot, but they carry out 
tins duty m different ways 
When the seed contains no 
food Btored outside of the 
young plant, the cotyledons 
usually contain food In a few 
plants —e g Oak, Broad Bean, 
Pea—tlie cotyledons are food- 
stores and nothing moie, they 
remain below the ground (or 
Fig. 4G —Seedling of pine on the surface), and simply 

yield up the food to the grow¬ 
ing root and shoot, and are termed “hypogeal” (=below 
ground) 

In most non-endospermic plants, however, the cotyledons 
aie earned up into tlie air and become green, and like all green 
leaves manujachire food (Ch V ), even in these cases, where 
the cotyledons aie “ epigeal ” (= above ground), they contain 
more or less food, though the amount is often scanty— e.g. 
Cress, Mustaid—and they have a double function, fiist sup¬ 
plying stored food and then making fresh supplies. In seeds 
whose food is stored outside of the embryo, the cotyledons 
either remain within the seed and act as digesting and ab¬ 
sorbing organs, as m Wheat, Maize, Bate , or they fiist digest 
and absorb the food-store in the endosperm, and then emerge 
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from tlie seed and become the iiist green leaves of the plant 
(Castor Oil, Ash, Onion, Pine) 

Plants like Ciess, Ash, etc, the embryos of which possess 
two seed-leaves, are classed under the name Dicotyledons , 
while Onion and Wheat lepresent the class Monocotyledons , 
as their embryos have only one cotyledon. 

Make lists of the vanous seeds you have examined, arrang¬ 
ing them according to (1) the presence 01 absence of endo¬ 
sperm , (2) the numbei of cotyledons m the embryo; (3) the 
hypogenl oi epigeal chaiacter of the cotyledons, and (4) the 
natuie of the reserve food-substances 


QUESTIONS ON CHAPTER III 

1 How oan you show that water is essential for the germination of 
a seed ? Why is the young plant in a seed said to be (C dormant ** 9 

2 Give the results of experiments you have made as to the volume 
of water which a Broad Bean seed can nbsoibas oompared with its own 
volume 

3 How oould you prove that a germinating seed respires (breathes), 
just as a living animal or a human being does ? 

4 How oould you prove that germination does not occur m the 
absence of oxygen ? 

5 Why do seedlings grow badly m Boil that is too libeially watered 9 
How could you measure and compaie the amount of air m different 
samples of soil ? 

6 Why should seeds not be planted very deep, not merely laid on 
the suiface of the soil 9 

7 How could you prove that waimth is leipured for germination, 
and how could you find, roughly, the best (optimum) temperatuie 
for germination in the case of some pai tioulai plant 9 What is meant 
by (a) the minimum, (&) the maximum, germination-temperature of a 
plant 9 

8 What are the effects of darkness and of light on the germination 
of seeds 9 

9 How oould you piove that a germinating seed loses in weight 
when grown in darknesB, that the loss is due largely to the oxidation 
(or burning) of carbon, and that the ootyledons contain carbon 9 

10. Compare the food stored in a Bean seed with that supplied to 
young birds m eggB and to young mammals in milk 

11 What is a carbohydrate 9 Mention the ohief oai bohydrates, 
stating how they are distinguished from each other 
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12. What is a proteid 9 How do pLoteids diffeu fiom oaibo- 
hydrates 9 By what simplo tests oould you detect the presence of a 
proteid 9 

13 How aio oils and fats distinguished from oaiboliydiates and 
proteids 9 

14. How are the reserve food-substances present m a seed made 
available for the noiuishmenb of the young plant 9 

15 What is meant by digestion 9 How aie Btaioh, pioteids, and oils 
digested 9 To what extent are the processes of digestion similar in 
plants and animals 9 

10. How oould you measure roughly the work done by a seedling 
m emerging from the soil 9 Where does the necessary energy come 
from ? 

17. What is the usual appearance of the top of the shoot of a young 
seedling, and what is the advantage of tins 9 How do seedlings of 
Maize and Wheat differ from most other seedlings in. this lospect, and 
how do they emerge from the soil ? 

IS What is the difference in structure between endospermio {“ albu¬ 
minous ”) and non-endospenino ( te ex-albummous”) seeds 9 Show that 
both kmds of seeds may contain the same kinds of food, and explain 
why the old terms “albuminous ” and “ ex-albnmmouB” often lead 
students into wrong ideas about seeds. 

19. Desonbe, with sketohes, the seed, the mode of germination, and 
the seedling of the following plants ■ Pea, Kidney Bean or Soarlet 
Runner, Oak, Ash, Wheat, Maize, Cress, Linseed, Syoamore, Onion, 
Cucumber or Gourd or Vegetable Mai row, Sunflower, Date, Pme, 
Horse Chestnut, Castor Oil plant, Mustard 

20. Write an essay on the uses, and the behaviour during germina¬ 
tion, of the cotyledons m the various seeds whose germination you 
have watohod. 

21. Enumerate the ohief reserve materials of food which aie stored 
in the seeds of plants Give an example of eaoh, and explain how the 
embryo or seedling is enabled to utilise the food 

22. Explain why it is that certain seeds—for example, Peas and 
Beans—split readily when the testa is removod Name as many other 
suoh Beads as you oan, and doscnbe in some detail the germination of 
any one of them 

23 Suppose you had two flourishing seedlings of the same size, and 
you grew one in the dark and the other m the bghfc How would each 
differ from its original weight in the course of a few weeks ? If one 
of them had gamed considerably, how would you demonstrate exactly 
to what the increased weight was due ? What other differences would 
you notice between them 9 
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24. WJiiifc am tlio olnof points you would omphasiso in a lesson on 
Lho germination of seeds ? What material would you soleot for the 
pLftotiool work of the oloss ? 

25 Whufc is respnation, and how is it affeoted (a) by heat, ( b ) by 
light, (c) by increased rapidity of growth ? 

Two lots of Peas, one of which had been soaked in water at 100° C , 
the other m watei at 15° 0 , weie passed into the vacua at the tops of 
two parallel tubes of mercuiy. How would the height of the mercury 
ooluinn be affeoted m each oase ? Would the aftei addition of caustio 
potash solution make any difference to the height of the columns 9 

20 Compare the seedlings of Syoamore and Lupin. Note the points 
of resemblanoe and difference 

27 Describe a senes of experiments by wluoli you would illustrate 
to a class the ohief properties of water in its tliiee different states. 

28 Describe and explain the mode of using Regnault’s Hygrometer 

29 Describe a wet- and dry-bulb thermometer, and state what 
inference can bo tliawn from its readings. 

30. What are the practical difficulties in the way of germinating 
seeds m an ordinaly class-ioom, and louring the seedlings for some 
weeks 9 Show how these difficulties can be overcome. 

31 What does milk look hke undei the nnoioscope? To what sub¬ 
stances does it owe its value as a food ? Desoribe the result of heatuig 
to dryness until they burn, {a) a solution containing white of egg, (5) a 
solution containing oane sugar 

32. Explain, with drawings, how oertam seedlings withdraw their 
seed-leaves from the seed-ooat 

33 Mention two or three experiments on digestion whioh oan be 
performed with very simple appliances in an ordinary sohoolroom 
Give full piaotioal insti uctions for one such experiment 

34 Desoribe the seedlings of three plants in which the cotyledons 
have entirely different funotions 

35 Describe experiments of a ohomioal nature by wluoli you oould 
show (a) that starch is changed by the action of your saliva, and (5) 
that your expired air contains oaibomo aoid gas 

30 Name the nocessaiy conditions of germination, and desoribe ex¬ 
periments, whioh you have seen or performed, to prove what you say. 

37. Describe exactly how you would obtain the dry weight of a 
seedling 

What difference would you expect to find between the dry weight 
of (a) a seed, ( b ) a seedling of the same plant giown m the dark for 
Borne time, (c) a similar Beedling giown undei normal conditions for 
the same time ? 

Give reasons for your answer, explaining clearly the source or fate 
of the materials gained or lost. 
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THE MICROSCOPE AND CELL-STRUCTURE'. 

175, Microscope Work, if not allowed to occupy time 
which would (in the case of a beginnei) be better spent m 
making physiological experiments and in studying flowers, 
fruits, plant-associations, etc., is valuable in helping one 
to understand more fully the life-processes and adaptations 
of plants, especially if minute structure is studied in close 
connection with physiology. 



Flff 40,—Folding Pookeb Lentoa (Double And Triple), 


176. lenses.*—The^use of the Bimple lens has alieady 
been mentioned (Art. 4) A double or triple folding lens 
(Fig 46) is a great improvement on the simple lens, giving 
greater magnifying power when the lenseB are used together. 
A lens of this kind is absolutely indispensable. 
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THU MXOBOSOOPH AND ODLIj-BTBDOTDBH, X13 

Si “Pl® Microscope (Fig. 47).—This consists of a 
, mounted on a heavy metal base and carrying (1) a 
glass plate or stage for the object to be examined, ^ ( 2 ) 
a lens carrier m which the lens can be raised or lowered bv 
a rack-and-pimon adjustment, (3) an illuminator below 
the stage with a mirror on one side and a white plate on 



Fig. 47 —Simple (Dissecting Stand) Mioroscope 


The lens carrier can be moved from side to side, as well 
as up and down, the upper side of the stage has two clips 
for fixing down the object examined, if necessary, as when a 
b. r. m. g 
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mounted microscopic slide is nsed; below the stage, a block 
metal plote or a milk-wliite glass plote can bo inserted, 
serving os dork or white background respectively; and at 

each side of tho stage 
metal, leather - covered 
hand-rests may be at¬ 
tached, to place one's 
wrists on when manipu¬ 
lating a specimen on the 
stage. A stand like this 
(“ dissecting micro¬ 
scope”) costs about <£2, 
without the lenses. 

178. Compound Mi¬ 
croscope. — The simple 
microscope can bo used 
for all purposes where a 
magnification o£ not more 
than 20 diameters is re¬ 
quired, and is an extreme¬ 
ly convenient instrument 
foi this low-power work. 
When higher magnifica¬ 
tion is dosiied, we must 
use the compound micro¬ 
scope, m which the image 
of the object is obtained 
by one lens (or a set of 
lenses) called the objec¬ 
tive, and this image is 
magnified by a second 
lens, the eyepiece. The 
objective is screwed mto 
the lower end of tho brass 

Fig. 48.—Compound Mioioaoopo with Sliding body-tube, which IS 
dowse Adjustment blackened inside (why ?); 

the objective consists 
usually of several lenses screwed together. The eyepiece, 
which magnifies the inverted image of tho object produced 
by the objective, consists of two lenses, the one next the 
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observer’s eye being called tbe eye-glass and the lower one 
the field-glass 

In the cheaper form (Fig 48) the tube which carries the 
lenses is moved up and down, to bring the objective near the 
object and thus bring the latter clearly into focus, inside 
another tube fixed to the stand, this is called the “ sliding 
coarse adjustment ” In the more expensive microscopes 
(Fig 49) there is a rack-and-punon movement for raising or 
lowering the body-tube The coarse adjustment brings 
the outlines of the object dimly into focus, but to get more 
accurate focussing (especially when using a lugh-power 
objective) wo use the fine adjustment, by turning a screw 
at the top of the stand, behind the body-tube 

The ob]ect to be examined is placed on the stage, which 
has two clips for fixing a slide m a definite position, but these 
need not be used except for high poweis, or while sketching 
There is usually a black plate, with holes of different sizes, 
under the stage, this can be rotated so as to bung the 
desired Bize of hole (diaphagm) under the central opening 
of the stage More expensive microscopes have an ins 
diaphragm A small hole is used with high power and a laige 
one with low power 

For ordinary work two objectives are required, one for low 
power (magnifying 60 to 80 diameters), and the other foi 
high power (300 to 400 diameters). The most useful aie 
1 inch or §- inch low powei objective and ^ or i inch high 
power objective Two eyepieces should also be used, the 
one with shortei body and narrower eye-glass is the more 
powerful 

In most modem instruments the magnifying power can be 
increased by having the body-tube constructed like a tele¬ 
scope, the upper part (draw-tube), carrying the eyepiece, 
can be drawn out To avoid the inconvenience of having to 
screw and unscrew a lens every time a change of magnifying 
power is required, it is worth while to get a nosepiece 
(Fig. 50), which is screwed to the lower end of the body- 
tube ; the nose-piece carries the two objectives, and by rotat¬ 
ing it we can quickly change from low to high power and vice 
versA, 




PJp 40 —Compound ATloroecope with Raok-nnrl-Pinton Adjustment, Double Noseplooe, 
(md two Objective*, 

110 
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179, Notes on Use of Compound Microscope.—If the 

stand is without lack-and-pmion, see that the tube moves 
easdy, but not too easily, up and down, if stiff, take out the 
tube, rub it with a little olive oil or vaselme and then with 
a dry cloth 

See that the lenses are clean, dust the muror, adjust it so 
as to send light through the body-tube, and insert first one 
eyepiece and then the other Rotate each eyepiece, if any 
specks are seen to rotate with it they must be on the eyepiece 



Fig 00 —Double Nosepioco. 


lenses, and should be removed with a chamois leather or soft 
cloth If the specks are dim, the dnt must be on the objec¬ 
tive ; wipe the lattei very carefully, and if necessaiy wash its 
front lens with a jet of watei from a wash-bottle and wipe it 
dry Do not rub lenses much, or unnecessarily, put them 
away m their case when done with Do not unscrew the 
separate lenses of a high objective unless it becomes abso¬ 
lutely necessary, and then do it with great care; in cleanmg 
the lenses do not remove the black coating on the inside of 
the tube 

Never use direct snuhght, and also avoid using artificial 
light. The best light is that reflected from white clouds in a 
northern sky. If a south aspect is the only one available, 
direct sunlight must be cut off, by using a white blind or 
fitting a piece of white card on the mirror 

Always use the low power objective first, and never use the 
high power unless the object is covered with a cover-glass. 

With the low power use a large hole of the diaphragm 
below the stage; with the high power use a correspondingly 



118 THE MICROSCOPE AND CELL-STRUCTURE 

small diaphragm, otherwise (though the held may look 
hughter) the outlines of the cells, etc., will not be so sharply 
defined 

Never use the fine adjustment until the focus has been 
obtained with the coarse adjustment, whether by slid ing 01 
by rack-and-pmion. With the low power objective (the one 
with the laiger front lens), slide or rack down the tube to 
about inch from the object, then, looking thiough the 
eyepiece, slide or rock the tube upwards till the object comes 
into view, and focus clearly by turning the milled head of 1 lie 
fine adjustment screw to right or left. With the high powei 
lower the tube to about J mch fiom the object, then voiy 
carefully slide or rack the tube down while looking through 
the eyepiece, till the object just becomes visible, and focus 
with the fine adjustment 

Great care is necessary m using the high power, since the 
objective when in focus is so close to the object Do not lot 
the high objective touch the slide, and above all do not go on 
ramming or racking the tube down after passing tho position 
of focus, or you may nun the objective, besides breaking 
cover-glass and slide and damaging the specimen. Always 
nse a cover-glass with the high objective; if you cannot hiks 
anything clearly, stop at once, move the tube upwards, wipe 
the objective, remount the specimen (if examined m a drop 
of water, which is liable to flow over the cover-glass and wot 
the objective), clean the cover-glass, and start again 

Keep both eyes open when using the microscope, this 
lessens the fatigue of microscope work, and is not at all 
difficult if you practise for a few minutes each time you start 
work. Accustom yourself to using either eye indifferently. 
Never work by artificial light if you can help it 

180. Accessories for Microscope Work. —The following appa¬ 
ratus is necessary for woik with tho nnorosoopo (Fig .11) *— 

(1) A good razor, slightly hollow-ground oi, bettor, with one Hide 
flat, ana a strop ancl hone for sharpening it, oosb of razor, about 
Is 6d 

(2) A few dozen glass slips, 3 ins x 1 in (4d per dozen) 

(3) An ounce of J in, squaie oovor-glaasoH (No 2 thickness, 3s. 
per ounoe). 

(4) A pair of fine-pointed fureepa (about Is ) 

(5) A scalpel (about Is ) oi a sharp pen-knife, 

(8) A pair of fine soissora with sharp points (about Is.). 
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(7) A few fine oamel-hair brushes (about Id. each) 

(8) A few mounted needles (about Is. 3d per dozen), these can be 
made by fixing a needle, pomt outwards, into one end of a pen¬ 
holder (Fig 51, D), or a handle adjustable foi any needle (Fig 51, E) 
can be bought for about 0cL 



F G H I 

Fig. Cl,—Aooeaaories for Mioimoopio Work. 

A, 13, Forceps , 0, Scalpel, 1), Mounted Needle, B, Needle lioldei, Into which freali 
nuutllue oun he fixed, F, Spit lt-hunp, G, Oanada-baletim Bottle, H, Reagent- 
bottle with Dropping-rod, I, J, GhusS Ring and Slide fitted with eame, fox cover- 
glaee lianging-drop preparations. 

(9) A few flat-bottomed watch-glasses (about Is Gd per dozen). 

(10) A few ointment-pots with lids, and a few wide-mouthed 
stoppered or corked gloss bottles of different sizes 

(11) A small spiritlamp (4 oz. size, 9d.). 

(12) Gummed labels, £ in. square, for naming slides (2d. per 
hundred). 

(13) A ooorse duster, a finer cloth [e,g. an old, but dean, handker- 
ohief), and a small ohamois leather 

(14) Bottle for Canada-halsam or glyoerme-jelly, with oap and 
glass rod (2 oz. size, 8d ). Fig. 51, G 

(15) Small narrow-mouthed stoppered bottles for the following re¬ 
agents ; glass rods are used for bringing drops of the reagents rrom 
the bottles to the Blide (Fig. 51, H). 
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(16) Reagents —(a) glycerine diluted with an equal volume, of 
water; (6) a 2£ solution of oanstio potash m water, (c) iodine 
tmoture diluted with three times its volume of water; ( d ) aniline 
chloride solution; (s) a 5% solution of common salt; (/) Schulze's 
solution solution (chlor-zino-iodine). 

(17) Two wash-bottles (Fig 11), one for alcohol (methylated Bpint, 
diluted with its own volume of water), the other for water 

(18) Elder-pith for section-cutting (about Od per bundle). 

181. Cells in Apple Pulp.—-Cut a “mealy” apple in 
halves, remove a small bit of pulp near the core, place it in 
a HTns.11 drop of water on a clean slide, tease it out gently 
with two needles Carefully lower a clean and dry cover- 
glass over the drop, so that one edge is fiist wetted and no 
air-bubbles get m, hold the cover with dry forceps or sup¬ 
port it with a needle and gently lower it. If air-bubbles 
get in, or any water Aowb over the upper side of the cover- 
glass, start all over again. 

(a) Using the low power objective, note the numerous colourless 
ce/te, more or less egg-wiaped, either isolated or connected m groups; 
some may have been injured by teasing, but most of them will be 
alive. Fmd a place where the oells are not too crowded, and put 
on the high objective Note, m a cell, the thin smooth cell-wall , 
lined inside by a film of fine-grained protoplasm , and the large cell- 
oanty ( vacuole ) 

( h ) Put a diop of salt solution on the slide, close to one edge of 
the covei-glass, hut do not let it flow over the upper side of the 
cover (if it does, make a fresh pieparation), then push a hit of 
blotting-paper along to the opposite edge of the cover, so os to 
irrigate the cells wth the salt solution as the blotting-paper soaks 
up the water Watch the cells; the protoplasm film shrinks from 
the cell-wall as the oell is plasmotysedy out the wall itself shows no 
apparent ohange. 

(c) Mount a fresh bit of pulp in the same way in a drop of water 
and irrigate with glycerine (or mount at onoe m glycerine), the oell 
is strongly plasmolysed, as with the salt solution, and the cell-wall 
also shrinks and becomes folded as the oell oollapsea 

( d ) Treat another preparation with iodine solution; the wall is 
not stained (or only stained faintly yellow or biown), but the proto¬ 
plasm becomes dnrk-brown and a small lounded or aval body 
[nucleus) becomes prominent by staining mare deeply than the rest 
of the protoplasm. 

(c) Mount anothei preparation m Schulze’s ohlor-zinc-iodine, and 
let it stand for a few minutes; the protoplasm stains brown, as 
with iodine solution, but the coil-wall is stained violet (test for 
cellulose). 
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182. Spirogyra (Fig. 52).—Mount in water and examine 
with the microscope a small quantity of Spirogyra , a green 
filamentous freshwater Alga, commonly found in floating 
masses, in summer, on ponds and slow streams 1 

(a) The threads feel slimy, owing to a coating of muoilage on the 
surfaoe, Notioe the unbranohed filaments, each consisting of a row 
of cylindrical oells, separated by cross-walls 
at intervals, and eaoh containing one or 
more green spiral bands 

(h) With the high power notioe (1) the 
smooth, colourless oell-wall, (2) the thm 
film of granular protoplasm immediately 
witlnn the oell-wall, in whioh are embedded 

(3) the flat green bands, which have ragged 
edges, and show at intervals small rounded 
highly refractive bodies, the pyrenoids; 

(4) the large central cavity (vacuole) of the 
cell, oontaimng odourless transparent cell- 
sap ; and (5) the highly refraotive spherical 
or lens-shaped nucleus in centre of cell 

(c) Stain some filaments with iodine, and 
observe that the pyrenoids have beoome dark 
purplo ox almost black, owing to the pre- 
senoe of orowded small starch-grains, and 
that the nuoleus is connected with the outer 
layer of protoplasm by fine threads, each 
usually ending at a pyrenoid. 

(d) Mount some Spirogyra filaments in 
water, place at one edge of the cover-glass 
a few drops of salt-solution, and while watch¬ 
ing a filament, draw the solution under the 
cover-glass by holding a pieoe of blotting- 
paper at the other side Notice that the 
protoplasm shrinks fiom the oell-wall, as 
water passes by diffusion (osmosis) from the oell-sap in the vaouole into 
the salt-solution outside. Sketoh the oontrooted or plafmiotyaed cell, 
then draw a little water under the cover m the same manner, and 
notioe the oell return to its normal turgid condition. 

(a) Place some Sptrogyi'a filaments in aloohol, and after a day or 
two notioe that the spiral liands have beoome colourless, the green 
colouring matter (chlorophyll) having been dissolved by the aloohol, 
wlnoli aGo contracts or plasmolyseH the cgIIb, 
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Fig. C2 —Spirogyra, 

A single oell of a filament, 
allowing normal (A) ana 
plasmolyBed (B) appeal- 
anue of oell contents. 


1 Spnogym is supplied by Mr Bolton, 25, Balsa LI Heath Rood, 
Birmingham, at almost any time, m shilling tubes. Any other material 
for practical work can be bought from Mi. Bolton, or from the British 
Botanical Association, Holgate Nurseries, York. 
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183, Other Simple Preparations.—Many otliei interest¬ 
ing and instructive preparations can be made by using iresli 
materials simply mounted in -water, e g leaves of Mosses, of 
water-plants ( Elodea , Nttella , etc.), roots of seedlings (note 
the root-cap, loot-bans, rootlets) 

(a) Mount in water a few whole leaves of a tlnn-leaved Moss (try 
seveial kinds and seleot those which show large and clear cells), or a 
Fern prothallus Note the polygonal oells, joined to form a plate, 
without any spaces between them, and m each cell note the protoplasm, 
the vacuole, tne nuoleus (seen especially well on staining with iodine 
solution, which, howevei, kills the cell), and the numerous small disc- 
hke chloioplasts or chlorophyll corpuscles (stained purple with iodine 
if they contain star oh) 

{b) In Moss cells you can see the chloioplasts in the act of drwdmg 
The ohloroplost becomes lengthened and then nipped across the middle 
so as to resemble a dumb-bell, eventually separating and forming two 
oliloroplasts. 

(c) Get some Canadian Waterweed [Elodea ), winch grows abundantly 
m many rivois and canals, having long submoiged stems and leaves 
airanged in threes at each “node * 3 Mount a few leaves in water, and 
look foi the streaming movements of the protoplasm, whioh may be 
started or hastened by gently warming the slide Similar movements 
oan be seen, even better, in the long cells of Stoncworts [Nitella and 
Gliara), which glow m sluggish stiearns, and the oells forming the 
hairs on the stamens of Tradescantia (often grown m gieenhouses) 
show more complicated protoplasmic movements 

[d) A “moist-oliamber slide” is very useful for observing cndilation 
of protoplasm in Elodea , eto., also for watching the giowtn of pollen- 
tuoes A ring of glass is cemented to a slide, and the Elodca-leat, 01 
some pollen, is placed m a small chop on a covei-glass, which is then 
inverted over the nng A slide of tins kind oan be bought (Fig 51,1) 
or can easily be made by using a nug of cardboard 


184. Section Cutting*. —In examining the cellular struotuie of a 
solid mass, e.g a stem, root, or leaf, we can learn a certain amount by 
crushing, teasing, or macerating the tissues, but tbe best results are 
obtained by outtmg thin sections m different directions Fresh tissues 
may he used for cutting, but it is often better to use “pickled” 
material The pioklmg fluid used for ordinary work is methylated 
spirit diluted with about half its volume of watei Stems, roots, leaves, 
eto , preserved m tins way m glass jars are always ready for use 
Delicate plants or jiaits of plants (floweis, eto ) may bo pieseived m 
4 to (J pel cent solution of formalin ; formalin os sold is a 40 per cent, 
solution 

In taking a section, the tissue to be cut should be hold between the 
thumb ana fingers of the left hand ; the razor m the right hand The 
tips of the foul* right fingers should rest on the back of the razor, and 
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the thumb in front, just boluncl the outting edge The cutting edge is 
therefore direoted inwards, towards the operator The arms should be 
bi ought up close to the body Tissue and razor should both be wet 
with alcohol The blade of the razor may rest gently on the forefinger 
of the left hand with the edge against the tissue Then the razor is 
drawn through the tissue with a sliding movement With practice, 
extremely thin seotions may be out 

The seotions should be removed fiom the razor by means of a brush, 
and placed in a watoh-glass containing aloohol or water Several may 
then bo transferied to a slide and examined in water under the low 
power, so that the best may be seleotod By means of the linen rag 
the exoesa of water may be removed, and iodine or other reagent added 
oocorchng to the sjieoial points which the student wishes to determine 
The reagent should then be washed off with water, the excess of water 
removed, a drop of glycerine added, and finally the cover-glass put on. 
The section should always be mounted in the centre of the slide 
The oover-glass should be rested on its edge and let down gradually by 
means of a needle The seotion must not be allowed to get dry during 
the process, or ail-bubbles will make their appearance If these do 
appeal, soaking the seotion for some time in aloohol will remove them. 
The cover-glass must be perfectly dean and dry 

Neatness and cleanliness are of great importance in practical work 
At first you will find that the sections aie rather thick and often 
obliquely out These aie difficulties which can be got over only by 
care and practice Do not attempt to draw a bad section 

Veiy slendci or debcato tissues, or thin structures bke leaves, 
should bo out by embedding in pith or carrot If carrot be used, a 
piece 1 in x £ in x £ in will be found convenient 

185, Structure of Bean Cotyledon, 1 —A thin section 
across a Bean cotyledon bIlows an outer layer or slan (epider¬ 
mis) of small ceils containing only fine-grained protoplasm 
and a nucleus. The lnnei cells contain, besides protoplasm 
and nucleus, large starch-giams and small proteid-grams 
With lodme solution, the starch-grains are seen to turn blue, 
while the protoplasm and proteid-grams turn brown and the 
nucleus | is deeply stained. The cotyledon has feebly - 
developed veius, appearing ui section as irregular streaks 
and patches of small narrow cells. 

The dry Bioad Bean Beed contains about 00 per cent of starch, 
26 per oent proteids, 3 per cent, oil, and 4 per cent ash ingredients 
(calcium, magnesium, potassium, sulphur, phosphorus, eto ); the 
residue consists chiefly of oolluloso (m cell-walls) and some sihoa (m 
seed-coat) 


1 See Slide No. 1 in Plant Biology Collection of Micro Slides. 
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180. Slide Mo-anting.-- Sections and other speoimens may be 
mounted permanently in glyoerine jelly The bottle of jelly is set 
in a cup or dish of hot water until the jelly melts, then the superfluous 
water is drawn from the speoimen by using a bit of blotting-paper, the 
specimen covered with a drop of melted jelly (taken out with a glass 
rod), and a cover-glass put over it. The jelly is apt to liquefy by 
absorbing moisture from the air, but tins may be prevented by paint¬ 
ing round the edge of the cover-glass with a cement, e g> Canada- 
balsam or gold-Bize 

More lasting preparations are made by mounting in CJanada-balsani, 
but all water must be extracted first, by washing or steeping in 
absolute alooliol, or in strong methylated spirit; then the speoimen is 
treated with oil of doves and (after removing excess of oil with 
blotting-paper) mounted m a drop of balsam 

Preparations of Spirogyia , Moss leaves, 01 other green parts will 
often keep their green oolour for a long time if the fresh speoimens are 
mounted in a chop of acetate of potash (strong solution) and ringed 
with balsam 01 size. 

187. Staining 1 . —Many staining substances are used in advanced 
work, or to piok out the different tissues in sections of stems, roots, 
etc For mstanoe, hgmfied (woody) cell-walls stain deep led with 
saframn, which does not stain cellulose walls or only faintly, hae- 
matoxylm stams cellulose hut not lignified walls Instead of safranm 
we may use any aniline stain (e g aniline blue or violet) for lignified 
walls, and carmine instead of haematoxyliu 

In any case, the stain, dissolved m water or aloohol, is applied in 
drops to the speoimen on the slide, or the speoimen is dipped mto the 
staining solution m a watch-glass and lifted out after some minutes 
with a brush , the stained speoimen is then washed with water or 
alcohol, and if necessary plaoea in a second staining solution for double 
stammg, e g. saframn and haematoxvlin, or aniline blue and carmine, 
and finally mounted Ready-stained preparations (seotions of stems, 
roots, leaves, etc ) can be bought. The Plant Biology Collection of Micro¬ 
scopic Slides (see Preface) contains a good selection of preparations 


QUESTIONS ON CHAPTER IV 

1 Describe the parts of a compound miorosoope, with a sketch 
showing the parts labelled What is the use of a nosepieoe, a cover- 
glass, a concave muror, a draw-tube 9 

2. Desonbo the structure of a young parenchymatous cell and 
explain how it differs from that of a fully-grown cell of the same kind. 

3. How would you obtain a living green oell for examination with 
the mioroscope’ Describe, with sketch, the appearanoe of the oell, 
mounted in water. 
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4 How would you obtain, for miorosoopia examination, a living but 
not green cell ? Sketch the cell as seen (a) in water, ( b ) in salt solu¬ 
tion, (c) after treatment with iodine solution 

5 Desonbe and sketoli the cells seen m sections of (a) Bean cotyle¬ 
don, (6) Date stone. 

0 Describe the circulation of piotoplasm os seen m any living oells 
you have examined , name the plant used and sketoli one of the oells 

7 Describe and sketch the appoaranoe of a cell of Spirogyra, ( a) m 
watei, (6) in salt solution, (c) after treatment with iodine solution, 
(i d) after treatment with aloohol 

8 Desonbe, with sketches, what you have seen (i) -with naked eye 
and lens, (n) with the microscope, of (a) the structure of a gram of 
Wheat or Maize, (6) the origm of a lootlet, (c) the structure of a young 
stem, e.#. Sunflower, 

9 Make a drawing of some living green cell wluoh you have your¬ 
self observed Name the various paits you figure, and Btate in a few 
words the use of each m the life of the oell How was the cell 
obtained and prepared 9 By how many diameters does your drawing 
magnify the size of the original 9 

10 Explain the operation of outting and mounting sections of plant 
structures for examination undei the nnoiosoope Why aie such 
sections out thin 9 

11 How would you withdraw the water from a living cell without 
killing the piotoplasm 9 Draw its appearance when thus treated, 
under the same power, and explain, so far as possible, the piocess that 
has taken place 
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PHOTOSYNTHESIS. 

188. Questions arising from Work on Seedlings.— 

Tlie observations you have made on the giowth of seedlings 
must have raised many questions, such as the following 
Why does the young main root grow vertically downwards, 
no matter how the seed is placed? Why does the shoot 
grow upwards ? Why does a seedling remain yellow when 
kept in darkness and ultimately die, while a seedling set in 
the light has green leaves and keeps on growing? Is it 
possible to make a mam loot turn from the vertical direc¬ 
tion which it usually takes ? How does growth take place ? 
Where, and how, is the force shown by growing roots and 
shoots developed P How would the growth of a young Bean- 
plant he affected if one cut off the cotyledons, or the root, 
or the shoot? How does the seedling get food when that 
stored in the seed is all used up ? 

The only way in which, one can gain any real knowledge on 
these points is to put each question to a living plant and 
make the plant itself give the answer—in other words, to 
make experiments. Write down any other questions that 
ocour to you as your work proceeds. In each case keep a 
record of (1) the inquiry, (2) methods and apparatus used, 
(3) observations and results, (4>) inferences. 

189. What are the Chief Functions of the Boot?/— 

Refer to the parts of Chapter I. in which the root of the 
Broad Bean is dealt with, go over the observations you have 
made oir the roots of seedlings which you have grown, and 
ex a m ine the roots of as many plants as possible, wild and 
cultivated, pulling or digging them up and examining them 
as directed in Chapter I. for the root of Broad Bean. What 

126 



PHOTOSYNTHESIS. 


127 


characters do neaily all roots appear to possess in common, 
from your own observations on roots of various plants ? 
What do you thmk are the chief uses, or functions, of roots ? 
How could you test youi ideas on this subject by simple 
experiments? Try any methods that occur to you, before 
going further See Chapters X. and XI. 

* (a) In a Bean aeedling grown in sawdust or soil, out aoross the mam 
root just below the cotyledons • the plant falls over Support the 
plant by tying it to a stiok, and keep the soil or sawdust moist around 
the out plaoo . notice the new roots formed from the lower part of the 
stem. 

* [b) Repeat (a) with another seedling, planted by itself in a pot or 
box, but after tying it to a stiok allow it to remain umoaiered What 
ohanges does it show, from day to day, m the colour, shape, and 

S osition of the leaves, and m any other respects 9 How would you 
esanbe these ohanges, and what ultimately beoomes of the shoot 9 
For oompanson, allow some uninjured seedlings to remain unwatered 
do they show the same ohanges 9 What do these simple observations 
prove us to the work of the root ? 

* (c) Fix a seedling with its loot dipping into water in whioh some 
powdered vermilion has been shaken up vigorously After an hour 
or two, out aoross the root a shoit distance above the surface of the 
coloured liquid Has any of the oolounng-matter (whioh consists of 
grams suspended m the wa-tei ) entered the root 9 

# (tf) Fix a seedling with its root dipping into red ink (colouring- 
matter m solution), and after a time (try several seedlings, and give 
them different lengths of time) out aoross the root, to see how far 
upwards the oolour has spread, and in what port of the root it travels 
Also out across the stems of seedlings that have been in red ink for a 
day or two, and notioe the red-stained bundles how does the liquid 
travel in the leaves 9 

The root, therefore, fixes the plant in the soil and also 
absorbs water and passes it upwards through the stem into 
the leaves The water absorbed from the soil is not pure 
water it contains dissolved substances of great importance 
m the nutrition of the plant, as we shall see later 

Do you know of any plants whose roots have other func¬ 
tions besides those of fixing the plant and absorbing water 
with dissolved salts ? 

190. What are the Chief Functions of the Shoot ?— 

It is very easy to see that the stem of a plant like the Broad 
Bean has at least two duties to perform—(1) to carry the 
leaves and keep them spread out to the air and the light. 
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(2) to carry up to the leaves the water absorbed by the root 
Stems have other kinds of work to do besides these, as you 
■will see as your observations and experiments contmue 

191. How do Plants Peed?—-After the seedling has 
used up the food laid up for it in the seed (m the embryo 
itself or in another part of the seed), it must, in order to go 
on living and growing, get food m some other way. From 
what souices, and by what processes, does the plant obtain 
food ? What substances does the plant need for healthy Life 
and growth ? 

192. Effect of removing the Cotyledons.—Seedlings 
grown in darkness lose in dry weight and eventually die 
(Art 141) , the smaller the amount of food stored in the seed, 
the shoiter is the life of the darkened seedling Some further 
experiments will serve to emphasise this point. 

* Remove (a) one cotyledon, {b) both cotyledons , fiom soaked Broad 
Beans just beginning to germinate Place some of those seods, along 
with nntouohed seeds, in the light; place others, also with iintouohed 
seeds for comparison, in darkness. 

* 193. Effects of removing Foliage-Leaves. —Remove th.Q foliage- 
leaves from (1) a young Bean-plant which has not yet used up the food 
in its cotyledons, (2) an older plant whose cotyledons have fallen off 
(if they have shrunk considerably, but are still attnolied, pull them 
off) Does the removal of the foliage-loaves olieak the growth of the 
plant, as compared with that of similar plants loft imtouohed 9 In 
which cose, (1) or (2), is the effect greatest 9 

194. Comparison of Cotyledons and Foliage-Eeaves. 

—We have seen that the cotyledons of the Broad Beau 
resemble the foliage-leaves in the fact that branches arise in 
their axils By growing a seedling in coloured water it can 
be shown that the cotyledons have veins, which can also 
be seen in sections examined with the microscope. It is 
always a useful plan to tabulate —i s. to write down in 
parallel columns—the chief differences between different 
plants or different parts of the same plant, as regards their 
position, form, structure, etc —and then to find out as com¬ 
pletely as possible, by observation and experiment, the 
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reasom for these differences In comparisons of this kind 
always try to discover whether differences in stmcture can he 
explained as due to differences in function 


Cotyledons. 

OppOBlto 
small 
simple 
pale yellow 
thick 

\oins obscure 
no stipulos 
remain below ground 
gradually turn smaller 
fall oft after a tune 


Foliage-Leaves. 

alternate 

large 

compound 

green 

thin 

veins conspicuous 
stipules present 
fanned above giound 
ginclualiy turn laigor 
lcnmm on a long time 


Can yon add'any further differences ? Try, as you proceed 
with your study of the gieen leaf and its work, to explain 
these differences m form, texture, duration, etc, between 
the cotyledons and the foliage-leaves of the Broad Bean 


Gather and examine leaves of various kinds, living or 
fallen, evergreen or deciduous, stalked or unstalked, simple 
or divided (compound) Wliat is there common to nearly 
all leaves, however they may differ m detail? In what 
surroundings do you find plants with thick fleshy leaves? 
Does the general broad and thin form of the leaf-blade 
suggest anything as to the functions of the leaf ? Do most 
leaves seem to expose as much sin face as possible to light 
and air? We saw that the seed-leaves of Bioad Bean and 
of many other plants contain food, and that if they are 
removed from a soaked seed which is beginning i-o germinate, 
the growth of the young plant is stopped. 

195. Do Leaves contain Food?—We have seen that 
seed-leaves often contain food-materials —g g starch, profeids, 
oils It will be easy to find out whether foliage-leaves con¬ 
tain any of these foods. Let ub test them for the presence of 
staich, by using iodine solution. To do this we must try to 
remove the green colour 

* Boil in water some leaves taken from a Bean seedling, or some other 
plant with thin flat leaves, which has been growing m the light The 
oolour does not oome out. Place the boiled leaves in alcohol, and notice 

B. E M. 9 
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that the leave a gradually lose their colour, while the alcohol turns 
green Try several different plants : in some the extraction of the 
green substance takes place very slowly, in others (e.# Broad Bean, 
Tropaeolum or “ Nasturtium,” Primrose) much more quickly 1 When 
the leaf is colourless, plaoe it in a saucer and pour dilute iodine solution 
over it The depth or colour produced shows roughly how much staroh 
is present. If there is abundance of staroh, the oolour is nearly blaok ; 
if little staroh, it is bluish , if no staroh is present, the iodine turns the 
loaf brownish (the tost foi protoids) 

196. Does the Green Leaf make Starch ?—-Where 
does the staich come from? Is it made m the leaf ? Does 
it come from the soil ? If a plant were set m darkness for 
some days, would its leaves still contain starch ? 

* Keep a plant m darkness until the leaves no longoi show staroh when 
tested with iodine, then out off several leaves and sot thorn m tumblers 
oi bottles of water ; tho stalk should dip into the water. Set some in 
Bunlight, the others in daikness, and after two days decolonRO and test 
with iodine tho two lota of leaves Those kept m darkness show no 
star oli, but staioh is found m those that have been exposed to light 
This means that staioh is made by leaves when in the light, but not 
when in darkness. 

197. Is Light required for Starch-Making ?—The 

preceding experiments show that starch is found in leaves 
that have been exposed to light, whilst it is absent from the 
leaves of the same plant after it has been kept in daikness 
foi a day or two This suggests (1) that light is required 
for staich to appear in the leaf, (2) that the starch formed in 
the light disappears in darkness. 

* Set some plants —eg Broad Bean, Primroso, Tiopaoolum—in potsm 
daikness for at least a whole day. In the morning take off some of the 
loaves, decolorise them, test witli iodine , they give only a light brown 
colour, Btaroh being absent Choose a day with sunshine or good dif¬ 
fused light for these experiments .— 

(a) Let some of the leaves on the plant remain untouched 

(b) Fix a stup of tinfoil across the leaf, on both sides (above and 
below); or pm to the leaf two flat slices of oork opposite oaoh other on 
the two sides, oi stitoh to the upper side of tho leaf a pieoe of black 
paper or doth. Tho object in enan oaso is, of course, to exclude light 
from a portion of the leaf. 

1 Do not boil loaves in oloohol ; this is dangeious, wasteful, and (if 
suitable plontB cue used) imnooossary. 
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(c) With a knife or soissors, out the words “staroh,” “light,” your 
initials, eto , in capital lottoiB out of a 9eries of Garda , faatou each oard 
to a brood leaf (a Primrose plant, dug up and grown in a pot, or in a jar 
of water, answers well), and, after letting the plant stand for a full 
day m darkness, expose it to light for several hours, then decolorise 
and test 

In each oase expose the plant to light from morning till late after^ 
noon, then take off the loaves which have been treated in those various 
ways, tying to each a label, decolorise them and test with iodine solu¬ 
tion. Mako notes of your observations and conclusions as to the 
conditions under wlnoli staioh is made by leaves. After being tested 
with iodine, the leaves may ho prosoived m alooliol and thus mode 
ooloiu loss again, and on bomg soaked in hot watei will again give the 
starch reflation with iodine Tlie same leaves can therefore be 
used again and again , starch once fonned remains m loaves winch 
have been killed by boiling In teaching, however, it is always better 
to start experiments fiom the beginning. 

198. 2a Ai* needed for Starch-Making?—We have 
already used a simple device for finding 
out whether any part of a plant contains 
air and bears openings (Arts 18, 35) 

* (ct) Dip the loaves of various plants into very 
hot (just boiled) water in a wanned tumbler, 
and notioe the expulsion of an-bubbles In 
many loaves the bubbles only appear on the 
lower suiface, eg Laurel, Rhododeiidion , m 
others they appoar on both sides, but more 
abundantly on the lower suifaoe, eg Bioad 
Bean Gut a large leaf (e g Laurel) across and 
dip the cut edge undoi water, observing the 
streams of bubbles given off 

* (7>) Try to blow through loaves dipping into 
water, nist with the stalk and then the blade 
under water The simple apparatus shown in 
Fig. 53 may bo used to suok air through a loaf. 

Suitable leaves are Lessor Celandine, Chinese 
Primrose, Marsh Marigold, Water Lily Fig 68 ‘ 

* (c) Even when ono oannot force air through 

a leaf with the lungs, the presenoe of air-Bpaoes and of openings on 
the surface oan easily be shown by using an air-pump or exhausting 
synnge to suck air through, or a bioyole-pump to blow air through. 
The loaf-stalk should be fixed in a bored cork, with another hole for 
a short glass tube to conneot with the syringe or pump by means of 
rubber-tubing. The cork is fixed into a wide-nocked flask or 
bottle, and the whole mode air-tight by means of plasticine and 
vaseline. 
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The openings by winch the air inside the leaf communicates 
with the outside an (atmospheie) are called stomates, a term 
meaning “ mouths ” 

* (d ) Smeai the loivei amface of a leaf with vaseline ; this will blooK l ho 
stomates, which in many leaves are mostly or oven cntnoly found on 
tho Iowol siuFaco Find out the distribution of stonmlcR on tho U\<> 
sides of each leaf you experiment with by loaiing oft ami examining 
with tho microscope pioces of the lower and tho upper skin II ym 
have no microscope, dipping the loaf into hot water gnes a lough idea 
on tins point. 

* (e) Smear a small onoulai aica of tho leaf with vaseline, applying d 
to both sides, so that this part of the loaf wnll bo shut till on both Hides 
from communication with tho atinnsphoio llumigh the stomales 

* (/) Smoai with vaseline tho uppei surfaoo of nnothoi loaf 

* (r/) Smeai both sul faces of another leaf. 

The results of these simple experiments will show that the 
air is concerned with the piocess of starch-making. Wh.it. 
about leaves which giow in water, like tho bo of submerged 
aquatic plants ? 

* (7i) In an experiment on germination wo pievontod tho aoocss of air 

to seeds bv oovenng thorn with water, and in tho piocednig ox pen 
ruents we nave exoluded air by oovenng tho leaf w r ilh vaseline Tin 
the stalks of the lea\ os of sonic 01 clumiy'land-plants to a stone and sink 
them under water m a glass jai Expose to light, and aftbiwaidH IohL 
the leaves foi Btaieli j 

* (?) Repeat the last oxpcnniont with tho loaves of a plan! w lneli In oh 
submerged m watci— e »/. Water Ntaiworfc, Canadian Watcu Meed, 01 
any otliei plant you find growing below m aim m ponds 01 slieaniR Do 
these sulmioi god leaves possess stomates v 

199. Structure of the Leaf.—A fuller knowledge of the 
structure of the leaf will help us to understand its iiuiotiouH 
better. Even if you have no microscope, you can learn a 
good deal about leaf-stincture by simple methods 

The leaf (Fig 54) is covered externally by a layer of 
flattened cells (skin or epidermis), and the outer walls of 
these skm-cells are chemically changed, tho cellulose being 
cutmised by the addition of a suhstanco (cutin) which is 
almost impermeable to water and gases. This substance, 
which resembles cork in some respects, is most abundant, m 
the outer part of the cell-wall, so that the epidermis is covered 
by an outer sheet or cuticle. The cuticlo acta as a protection 



1 A square millimetre of Broad Bean leaflet gave, as the average 
of sevoial countings, 90 Btomates m the upper epidermis, and 140 
ui the lower; a leaflet with urea 10 sq oms. therefore boars over 
200,000 stomates. 
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upper region m which its cells are long and narrow m the 
vertical direction (t e. lengthened at right angles to the 
surface of the leaf), and a lowei region in which the cells are 
branched and loosely arranged. The upper tissue (palisade 
tissue) is compact, the cells being close together or sepaiated 
only by narrow spaces, whilst the lowei’ tissue (spongy tissue) 
contains large spaces between the cells The cells of the 
palisade and spongy tissue all contain gieen gioms, so do 
the guard-cells of the stomates, but not the othei cells of the 
epidermis, nor those making up the veins 

It is easy to discover that the spaces between the cells of 
the middle tissue of the leaf contain an, and that they com¬ 
municate with each other throughout the leaf, with the air¬ 
spaces in the corresponding tissue (gioiuid tissue, cortex) of 
stem and root, and with the external an' by means of the 
stomateB The green grains (chloroplasts) present in the 
middle tissue (mesopliyll) and in the guaid-cells contain 
chlorophyll, which can he dissolved out of the grams, leaving 
them colourless. 

* (a) The following is a good method of examining the sti uctnre of a 
leaf Boil some Hmall entno leaves (thoBo of Box or Pnvot answei 
well) m caustic potash foi about ton minutes Hold a leaf under 
watei, and with soissois cut off a strip round the maigm, the leaf is 
then readily separated, with the aid of a mounted needle, into tlueo 
purtH, which should he mounted on Hupaiate slides and examined with 
the lens, and then oovoied with a cover-glass and examined with the 
nnoroBCope Tho three parts aio (1) the uppei skin oi opideinns, 
(2) the middle tissue or mesopliyll, containing the veins, (3) the lowoz 
skm. 1 

The upper and lowei skins are thin and transparent, each one 
oell in thickness, they are, of course, oontmuous with oaoh other 
at the edge of the leaf In the uppei akin all tho colls fit olusoly 
together without any spaoes hetwoon them, hut in the lower skm thoio 
are uumeious openings (stomates). Tease tho middle tissuo with 
noodles, so os to separate tho cells in one portion ; notice tho bImpoh of 
these cells, some being oylindnoal, othei s branched. You will piobably 
find some of tho cylindrical oolls still attached to tho insido of the upper 
Bkin, and some of the branched cells to that of tho lower skm. 

* { b ) Fold a large leaf (c Laiuel or Rhododendron) several tunes, 
and out thm sections, keeping the razor wet with alcohol, Mount in 
water, examine with a microscope, and sketch a thin part. Out some 


1 See prcpaiations of Box-leaf, made m this May, in tho Plant 
Biolouy Collection qf Ah&'oscopic Slides, 
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sections with the lazor diy, and mount m wateL, notice tlie piesence of 
linmeioiiB lnegulai air-bubblos between the cells of the spongv tissue, 
thou inn in some alcohol and observe the expulsion of most of the an 
in the foim of sphoncal bubbles This sIiowb that the spaoes between 
the colls of the spongy tissue contain an. How did this air get in? 
Examine thin sections and try to find stomates leading into the air¬ 
spaces 

* (c) Strip off a piece of the lower epidermis (Broad Bean, Nnroissus, 
Aium, and Ivy-leaved Toadflax answer well), mount in water, and 
examine with the mioioscope Notice the stomates (are they open 01 
closed’) and the piesence of chlorophyll-grains in the guard-cells (do 
tlioy occur in the other cells of the epidermis ?). Find an open stomate 
with tlie high powei, put a drop of 3 pei cent salt solution at one side 
of the oovei-glass, and draw it thiough with blotting-papei Notice 
the effect of this on the stomate Now put a drop of water at one side 
and draw it thiough, until the stomate opens again. Sketch the 
stomate opened and closed The salt solution draws water out of the 
guard-cells, and then the stomate closes os the guard-cells lose their 
turgidity and oollapse When water is added, the guard-oells absorb 
it and swell up, beoomuig tiugid, and the stomate opens 

* ( d ) Cut sections of leaves that have been exposed to light for several 
hours. Examine some seotions to see what parts contain the green 
grams, then treat others with alcohol and test with lodme. Notioe 
that starch-grams oooui only in oells which contain oliloiophyll. Tear 
off bits oJt the upper and lower opidermis-layers, and notice that only 
the guard-oells of the stomates contain Btaioh The starch-grams aie 
very small and are fanned inside the ohlorophyU-giains. 

200, Is Warmth needed for Starch-Making?—It is 

very easy to find out whether temperature has any influence 
on starch-production by leaves Place a leaf m a saucer or 
■jar kept cold by ice, expose to light, and after several hours 
test for starch, 

201. Is Chlorophyll needed for Starch-Making?— 

Have you noticed, m your experiments with leaves of Broad 
Bean, Tropneolum, or Primrose, that the vems lemaui un¬ 
stained even when the rest of the leaf is black with the iodine- 
test? This in itself shows that staich is only formed m the 
green parts of the leaf. 

* («) Try variegated leaves (e g varieties of Geranium or Ivy), making 
a oaieful drawing of each loaf before it is deoolonsed and tested with 
iodine, and observo that only the green parts produoe staioh. In 
leaves whose veins are odourless, or nearly so (e g Pnmiose), owing to 
the abBenoe of ohloropliyll above and below them, you will notioe that 
the veins stand out from the rest of the leaf when the iodine-test is 
apphed, by tlie absenoe of staroh. 
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# (b) Grow seedlings (Beau, l J oa, elu ) in daiknesu, then put tliern in 
the light for a day and test the loaves toi ataicli Leave them in the 
light until thou leaves tiun green, tlion test again foi ataicli. 

Tlioso losults allow that the gioen substance (chlorophyll) is essential 
for the process of starch-making by leaves 

202. How is Air concerned in Starch-Making?—We 

lmow fiom pievious cxpei 1 incuts that starch can be broken 
up, by beating it, into carbon dioxide and water, and that 
caibon dioxide is always present in the air, being pioduced 
by all processes of burning wlieu the substance undergoing 
oxidation contains caibon We shall see later on tliat a plant 
increases m dry weight when giown in a culture solution 
which contains no carbon, though 11101*0 than hall of the 
plant’s dry weight consists of carbon 

If you consider these facts caiefully you will probably 
conclude that the carbon in the starch made by the leaf 
comes fiom the carbon dioxide m the air. Does the leaf in 
some way make caibon dioxide and water come together to 
form staicli ? If so, a plant winch is exposed to light and is 
making standi must be taking carbon dioxide from the on 
Aguiu, if the carbon dioxide of the air is the source of the 
caibon used m starch-making, what will be the effect of 
exposing gieen leaves, in light, to ail containing no caibon 
dioxide ? 

* («) Heat ]ju a diy teat-lube (1) pieces of laundiy-stmoli, (2} leavoH, 
(3) pico oh of stems, (4) pieces of loots, (5) any other plant tisanes 
Notice that ^\utoi is given oil us vapour which aundousoH m the uppoi 
prut of the tube, and that a black chaired mass 1 omani h (ulunaoal, 1 e. 
oaihon) Fix a J-shaped tubo into a coik to tit the teat tubo, and lot 
the lougoi limb dip into lnne-wfttci in a bottle or test-tube , notico that 
caibon dioxide ia given oil, causing a white prooipitate, when those 
BulwlaiioQB aio strongly heated These e\penmen Lb show that all 
pin la of plants contain carbon, and that starch (the formation of 
which in plants lias boon pioved in the piocodmg experiments) also 
ooutains carbon. 

k [b) l’ut a “NostiuLium ” (Tiupacoluin) leaf in a small bottle oou- 
laimug water, so that its stalk dips well into the watoi while its blade 
lests on the neck of tho bottle Bum sonic caustic potash into a wido- 
uocked glass jai, and lower the bottle with the loaf mto thiB jar , then 
ooik tho jar tightly, and smoiu the edges of tho oork with vaselmo 
Tlio leaf should be taken fiom a plant which lias pieviously boon kept 
in daikucss foi two da 3 's The leaf is now exposed to air whose carbon 
dioxide is absorbed by the potash solution. Sot up a control experi¬ 
ment 111 wlnoh the arrangements are the same, but leave the jar opou 
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or envoi it with a 001 li (or a pioeo ot wood) m wluoh a hole is bored to 
admit air 

* (r) Uao the same apparatus, blit, instead of pouting caustio potuah 
into the jui, p.uw tliruugh a hole in the ootk closing the jar blio tube of 
a Funnel wlnoli is hllod with soda-lime, or with lumps of oaustio potash 
This will admit air, bub absorb the uaibon dioxide it contains As a 
oontrol, use a similar appauitus, but place in tho funnel gravel lusbeod 
of Hoda-linio or putosli 

# (tl) Kit a wido-nioubhod butblo with a coik cut m two across tho 
middle Smear with vaseline the edges of eaoli half of tho cork , pour 
Home oloui lnno-watoL into the buttle Thou lay the bottle oil its 
side and plaoo between tho halves ul the ooik a pimnoso loaf of con¬ 
venient sue, so that half tho leaf is inside tho bottle and the other 



halt outside (Fig f>3) Tho huso oE the loaf, outside ol the bottle, 
Hhnuld dip into watei in a small dish See that tho halves of the 
cork are seoiuely sealed with vosolmo, thou cover the whole apparatus 
with a laigo hell-jar, and set it m a good light Aflei some houis, 
lomuvo the leaf, duoolouso, and test with iodine If the expeumont 
has huen propelly arranged, the part of the leaf inside the bottle (t c. 
in air free from carbon dioxide, which has boon absorbed by tho lime- 
waboi) oontams no starch, while the pint outside it does. If you do 
not get this result at fii-ab, try the experiment again This is known 
as Mull’s experiment. Baryta-water or potash may be used. 

203. How is the Volume of the Air affected by 
Starch-Making ?—If some living leaves are placed in a 
olosed vessel, liow does then absorption of carbon dioxide 
affect the volume of the air ? Does the volume dimmish ? 

# Plaoo a few fresh loaves (fiom a plant wluoh has been previously 
kept in dailmess for a day) m a glass jar fitted with a bored cork 
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thiough which passes a twioe-bent tube (J -tube) and let the onlei limb 
dip into watei colouied with led ink m a small bottle, as in Fig. 36. 
Charge the air in the ]ar with oaibon dioxido os before , ooik tightly 
and seal with plasticine oi vaseline Cause the ooloiued water to rise 
a little way in the outer tube, by warming the jar gently and then 
letting it cool Mark the level when the preparations are oomploto, 
and set the apparatus in good light (not direct sunlight) 

Does the volume of air in the appaiatus (and theiofore the level of 
the water) alter at all ’ Sinoe olmnges in tempeiatuie affect tho level 
(why ’), it is well to prevent draughts by placing a bell-jar over the 
apparatus, or to set up a control experiment (omitting only tho leaves) j 
note the temperatures by hanging a thermometer neai the apparatus or 
passing it thiougli a hole in the cork of the jar Test the an in the 
jar for oarbon dioxide after a day’s exposiue to light, by poiuing m 
some lnue-watei or baryta-water This experiment shows that when 
carbon dioxide is absorbed by green leaves, an equal (or 
nearly equal) volume of some other gas is set free 


204. How does Starch-Making change the Com- 
position of the Air ?—Have you. ever noticed, on a warm 
sunny day, brisk streams of gas-bubbles arising from plants 
growing under water m a pond or an aquarium ? 


* (a) Collect some of these submeigod water-plants —e y Water ft tar- 
wort {Calhtnche ) or Canadian Water-weed {lUCodea )—and test their 
leaves foi starch Place them in a laige glass vessel (e y a boll-jai 1 eat¬ 
ing on a wooden support) , if necessary tie them to a stono to keep them 
together at the bottom Are the gas-bubbles given off in daikness? 
Covei tho vessel with a block cloth and see if the bubbling stops aftoi 
a short time, then expose the vessel to light again. Watei-oioss 01 
Mint will do, if the plants mentioned cannot be obtained 

# (£>) What do theae bubbles consist of 9 Is the gas oidinary an, or 
oxygen, or carbon dioxide ? We know that water contains dissolved 
air, and that this dissolved air is richer in carbon dioxide than 
ordinary air Press a glass funnel down on the plants, and either fit 
a piece of nibbei tubing to the tube of the funnel, or, better, nivorL 
over the latter a test-tube filled with water, so as to oolleot tho gas 
given off by tho plants That this gas is oxygen (in reality, air tick 
in oxygen) can easily be proved by its causing a glowmg splmtor of 
wood to burst into flame, or by corking the end of the tube while 
still in the water, transferring tne tube to a vessel containing solution 
of pyrogallol in oaustio potash and opening it, when tho gas will bo 
almost entirely absorbed by the solution (see Ai t. 76). 


* ( c ) Keep your water-plants m darkness until the leaves show httlo or 
no starch, then transfer them to water wlnoli has boon boiled (to expel 
the dissolved gases) and then oooled. Expose them to light, with 

K“ey^koty * “ y OXy «° n ^ VUn offb * ^ ^ 
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205. Which Parts of the Plant absorb Carbon 
Dioxide ?—Aie tlie leaves (or other green organs) alone able 
to absorb and use the carbon dioxide of the atmosphere ? 

* (a) Gob five wido-muutliod buttles, with tightly fitting corks Wash 
each bottlo out with water, to keep the air inside it moist, and label 
each with a iminbei (1 to £>) Leave 1 empty, to serve as a oheok or 
“control.” Into 2 and 3 put Borne living green leaves; into 4, some 
green leaves which have been killed by boiling , into 5, some pieces of 
living wood out from a bianoli, oi some roots, or muskiooms, or any 
otliei living but not green tissue Ohaige the bottles with carbon 
dioxide by breathing into each seveial times Another plan is to pour 
into eaoh jai some “plain soda-water” from a syphon (a convenient 
method is to use a Spaiklet syphon, charging it without adding soda), 
the “soda-water” is of oourse simply water ohaiged with carbon dioxide. 
Cork caGli bottle tightly, smeaiing the edges of the ooiks with vaseline 
Plaoo bottle 2 m the daik, the others in the hght, for a whole day 
Then test eaoh bottle foi carbon dioxide by pouring in a little lime- 
water and seeing whether it turns milky. 

Try the experiments several timeB, and leoord your results, with the 
lnfcionoos to bo drawn from them If oaiefully carried out, these 
expoimionts will show (1) that living gieen leaves absoil) carbon dioxide 
fiom the an in sunlight, (2) that they do not absorb it in darkness, (3) 
that cloud loaves do not absorb ouibon dioxide, (4) that living but not 
gieen paits of plants do not absoib it 

# (b) Repeat the observations on the givmg-off of oxygen by water- 
plants, but put into the water, along with the watei-plant, pieces of 
living loots and of muslnooms Do these living but not gieen tissues 
give off oxygen v If any gas-bubbles escape from them, do they come 
off m light only, oi ni darkness as well ? 

206. Does the Leaf gain in Weight by making 
Starch? —We saw that seedlings giown in darkness lose m 
dry-weight, while seedlings exposed to hght gam m dry-weight 
It is easy to prove that the loss and the gaiu are due chiefly 
to loss and gam of carbon. Sow could you prove this by 
expel indent P To what process do you suppose the gam m 
dry-weight is due when a seedling is giown m the hght P It 
is very easy to find out. 

(a) Take a plant which has been growing in the hght, and set it in 
darkness for a day oi two—until a leaf pioked off, decolorised, and 
tested with iodine, shows no staroh Remove a second leaf, kill it by 
holding it in the steam issuing from a boiling kettle, dry it in an oven, 
or simply put it m a warm diy plaoe, and weigh it Now expose the 
plant to bright hght for several hours (from morning until evening), 
remove a third leaf (oh nearly os possible similar m size to the seoond), 
diy and weigh it, and compare its dry-weight with that of the second 
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leat It a Bioad Bean seedling or a Tiopaeolum plant be used, it will 
be easy to select leaflets, 01 leaves, of the same size. 

J/j) Repeat the pieoeding experiment, using leaves seveied fiom the 
plant and set in water m small bottles or tubes 

(?) A moio accurate result will be obtained if you use pieces oj the 
6timt leaf for conipanson Use a plant with large leaves, e g Sunflower, 
Prinnuse, Vegetable Manow, Rhubarb If the plant used is growing 
in a pot or box, keep it in darkness overnight, if it is glowing out-of- 
doors, you must either get up with the siui to start the experiment or, 
if practicable, oover the plant m some way the previous evening so 
that it gets Lttle or no light until you are ieady to begin 

Choose about six symmetrical leaves, divide each m two longitu¬ 
dinally, cutting along close to the midrib Emd the aioa of the 
removed half-leaves by cutting out a paper model of eaoh half-loaf and 
weiglung the papers against strips of similar paper an inch {or 2 or 3 
niches) w ldo, until by ba lan cing you get the total area of the half¬ 
leaves Kill these with stem, dry them, and lecord tho dry weight 
Expose the plant to bght until evening, remove the lemamiug half- 
leaves (cutting along by the midrib), dry, and weigh. 

Experiments of this kind have shown that the leaves of 
Sunflower and Vegetable Marrow produce in a summer day 
of fifteen horns about an ounce of staich per square yard of 
surface The mciease in weight due to starch-formation does 
not represent the total amount of carbohydrate material pro¬ 
duced , m the Sunflower, for example, only one-sixth of the 
manufactured carbohydrate appeals as starch, the remainder 
being largely carried from the leaf to other parts of the plant 
as sugar 

207. Carbon Assimilation; Photosynthesis, —In tho 

green leaf exposed to light and air a somewhat complicated 
series of piocesses goes on, leading usually (but with some 
exceptions) to the appearance of starch at one stage What 
we have learnt from our experiments on plants, together with 
oui knowledge of the composition of water and of caibou 
dioxide, would seem to suggest that a process of synthesis 
occurs m the green parts of plants We have seen tha t one 
method of proving the composition of water is to produce it 
by synthesis —i e. by bringing together hydrogen and oxygen 
gases and ma king them unite to form water. Many complex 
substances, e g sugars, can he produced by synthesis 
When staich is heated, carbon dioxide and water ore given 
off This suggests that possibly carbon dioxide and water 
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arc brought together, in the green leaf m sunlight, to form 
starch. Tins is not exactly what happens, but the fact that 
a plant can, when supplied with water and carbon dioxide, 
make starch (containing caibon, hydrogen, and oxygen) 
suggests that water must be concerned m the process The 
formation of starch m a plant exposed to light is clearly seen 
m a simple water-plant like Spuogyra (Art. 182); this plant, 
placed in water containing a few simple salts (Ait 230) and 
carbon dioxide, produces starch within a few minutes after 
exposure to light after having been kept in darkness 

It is therefore obvious that m some way carbon dioxide 
and wator are broken up and their elements loarranged m 
such a way as to produce carbohydrates, oxygen being 
given off: in volume equal to that of the carbon dioxide 
absorbed 

Is it possible, by any artificial method, to cause the atoms 
of carbon, hydrogen, and oxygen in caibon dioxide (00 2 ) 
and water (ECjO) to anange themselves so as to form an 
organic substaneo ? To bieak up carbon dioxide into carbon 
monoxide (CO) and oxygen requires great heat How can 
water bo bioken up (analysed) into its elements ? It is clear 
that a large amount of energy is required to effect these two 
processes of decomposition But carbonic acid (carbon 
dioxide dissolved m water) can be decomposed by a com¬ 
paratively weak electric current (“silent discharge ”). 

Here we come to an interesting point—the chief product 
of this electric action is formaldehyde (CH.O), a substance 
which m watery solution (“formalin”) is used foi presetting 
end disinfecting How, by various simple methods (c g boil¬ 
ing with blue), formaldehyde can be converted into a sugar, 
its molecules being condensed or packed together to form the 
large sugar-molecules (O 0 H ]2 O 0 )—-this process is sometimes 
called polymerisation 

In green plants, sugar—usually, however, cane-sugar 
(0 12 H 2!i O u )—is formed m the gieen leaf-cells, though starch 
is the first visible product; the starch appears as grains 
inside the chloroplasts, while the sugar is dissolved m the 
cell-sap Probably part of the sugar produced is converted 
into starch because the excess of sugar dissolved m the cell- 
sap would cause injuiw to the living substance (protoplasm) ; 
the starch, practically insoluble in water, is evidently a 
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temporary storage substance, -which, is later removed after 
being converted back into sugar. 

Formaldehyde is a poisonous Bubstance, its solution 
(“formalin ”) being used as a germ-killer. Tet it occurs 
in small quantities in leaves, and a green plant like Spirogvra 
can make starch when placed in water containing no carbon 
dioxide but containing a substance which readily breaks up 
and yields formaldehyde. 

It is now known that (1) the amount of formaldehyde 
produced in assimilating leaves vanes in exactly the same 
way, according to the intensity of illumination, as (2) the 
amount- of carbon dioxide used and (8) the amount of starch 
foi mod, being greatest in diffuse light, least m intense light 
or m dmkiiGBB. Further, it appeal’s that (4) the stiength of 
tho electric currents m green organs also vanes according to 
i.lio ligl if.-intensity. The optimum, in all four cases, is about 
ono-fourth of direct sunlight. 

It luis therefore been concluded that the light received by 
tho green tissue is transformed into electric energy and that 
this energy causes the production of formaldehyde from 
carbon dioxide and water, 

Tho term photosynthesis is often applied to what we 
lrnve so far called “ starch-making,” because it includes a 
building-up of simple inorganic substances into complex 
organic substances. The term photolysis has also been 
used, because the earliei stages involve a breakmg-rlown of 
carbon dioxide and water. The simpler term carbon- 
assimilation is perhaps better than either. 

The form, photosynthetio carbon-assimilation is used 
to distinguish the normal process m green plants from the 
chemosynthetic carbon-assimilation earned on by certain 
Bacteria (nitro-bacteria) which use carbon dioxide but do 
noi. obtain energy from light. A green plant can grow and 
uiako starch when deprived of carbon dioxide, but supplied 
with sugar or with glycerine Tight is not required for tins 
form of assimilation. 

208. Why is Xiight req.xu.xred for Photosynthesis ?— 

Since energy is required for the carrying on of photosynthesis 
and is OHBcutial for this process, it is obvious that light is 
mnuiHNary because it is tho source of energy. The energy 
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used is stored up in potential form in tlie organic substances 
produced It is important to study some of tbe properties 
ofliglit 

209 Cause of Light —Light, like heat, is believed to have its 
origin in vibration of the molecules of the luminous body, and to be 
transmitted to the eye by moans of undulations m an intervening 
medium. And, sinoo light can pass freely through a perfect voouum 
and through interstellar spaoe, tho medium required for its tians- 
mission oannot be of a molecular nature It is an imagined continu¬ 
ous substance which is called tho ether. It is quite unlike any foi m of 
matter with which wo aio acquainted It is probably devoid of 
weight, and is perfectly elastic. The 'ethoL is supposed not only to 
oooupy all spaoe, but to interpenetrate all matter, and to lie between 
tho moleoules of even tho densest solids, as air bos between the leaves 
and branches of a tree 

It may now be possible for us to piotureto ourselves the vibration of 
the moleculos of the luminous body setting up wave-movements or 
undulations in tho ether which travel with inconceivable speed (about 
186,000 miles per second, a speed that would carry it times round 
the earth m a second) m all directions Some of those undulations, 
falling on tho eye, there set up changes in the optioneive which, when 
transmitted to the biain, produce the sensation of light 

Light is invisible Reiuembormg wlmt light is—simply undulations 
m an invisible modium—this statement ought to cause little surpnso. 
When we appaiently see a beam of sunlight entering through a small 
window into an otherwise daik room, what wo really see is not the 
kglit itself, but a number of floating dust particles m the air illumin¬ 
ated by the beam Many of theso are so large as to be oasily viBible 
separately as dancing motes If a lighted Bunsen burner be brought 
below the beam so as to bum up or volatilise those particles, the 
luminous traok will be interrupted by what appoars to be blaok smoke 
rising from the flame But the Bunsen flame is perfeotly smokeless, 
and the black spaoes aro full of dust-fiee an , consequently there is 
nothing m tlioso paits to refleot tho light, and it remains invisible. 

2X0. Intensity of Light —Light, bke radiant heat, is a form of 
energy, and therefore oapable of measurement The quantity of light 
in any spaoe at any instant is measured by the corresponding amount 
of energy in that spaoe at the instant considered, and the intensity of 
the light is mesaured by tho energy transmitted through that spaoe m 
unit time. This measurement oannot bo made direotly ; but, for light 
of a given oolour, tho intensity is proportional to the brightness as 
perceived by the eye, and also to its heating effeot. 

The amount of light reoeived on any area vanes inversely os the 
square of the ebstonoe from the souroe of kghfc. Tina oan be demon¬ 
strated by using a simple piooo of apparatus—the “ grouse-spot photo¬ 
meter ’* 

It has been found that the eye is unable to estimate tho ratio of the 
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intensity of illumination due to different souroes of light, but that it is 
a correot judge of the equality of the illumination of two adjacent 
surfaoes. For this reason the following method of photometry depends 
on the equalisation of two illuminations 
If a sheet of paper, having a Bpot of grease on it, be held up to the 
light, it will be seen that the spot of grease is semi-transparent, and 
looks brighter than the rest of the paper when viewed from the side 
remote fiom the light, but darker when seen from the other side 
More light passes through the region of the grease spot than through 
the rest of the paper, and hence when seen from the side remote from 
the light it looks brighter than the rest of the screen, but when looked 
at on the other Bide the spot looks comparatively daik, localise a largo 
proportion of the light incident .upon it passes through and m theiefoio 
not spent in illuminating its siu’fnce If the soicon be placed between 
two souioes of light, and its position adjusted until the spot cannot lie 
seen on either side, exoept by dose inspection, then the screen must bo 
equally illuminated on both sides 


$ 



S 


Fig 60. 

If L,, Li, and 8 S (Fig fi6) represent the relative positions of the 
lights and the screen when finally adjusted, we have-— 

Li = (L 
L, (Lj ay 

In carrying out measurements, at least four different adjustments 
should be made (1) Adjust for disappearance of tlio Bpot when seen 
from the side of soieen facing (2} Turn the soieen round through 
180°, and again adjust for disappearance of spot from the same surface 
now facing Ln (3) Repeat (1) and (2) with the other surface of the 
screen 

This method assumes the truth of the law of inverse squares, and 
the consistency of the results obtained is the best proof of the truth of 
thiB law. 

211. Composition of White Light; Spectrum. —As is 

well known, 1 ordinary (“ white ”) light consists of rays of 
different colours, and when light passes through a prism it is 


1 See ortioles on Refraction, Prisms, Lenses, and Newton's Experi¬ 
ment, m a text-book of Physios 
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not only bent (refracted) from its straight com se, but is 
separated into its different constituents, giving a inany- 
colomed image—the spectrum. In this continuous spectrum 
we can recognise six pimcipal colouis (red, oiange, yellow, 
gieen, blue, violet), though the nunibei of coloured mys is 
infinite, and they nnpei ceptibly merge into each other The red 
rays are the least refracted, the violet mys the most refracted. 

Beginning at the less lefrangible end of the spectium, and 
tiavelling in the dnection of increasing lefrangibility, we pass 
a group of rays known as the dark heat rays, which do not 
excite the sensation of sight Then we come to another 
group, the visible spectrum, langmg through the colours red, 
orange, yellow, green, blue, and violet. This group of mys, 
in addition to possessing heating propeities, has the peculiar 
property of exciting the optic nei ve, and thus producing the 
sensation of sight In this visible spectrum the intensity oi 
the light is diffeient in different parts, being a maximum in 
the yellow and giadually diminishing on both sides tow aids 
the led and violet Beyond the visible spectrum are the 
dark chemical rays These extend ±01 a consideiable distance 
beyond the violet, and are characterised by their power of 
producing chemical action m certain substances 

The complete spectrum is thus made up of the datlc heat 
rays , the visible spectrum , and the dark chemical rays The 
only essential difference between these is that of wave-length, 
which continuously inci eases from the first to the last AH 
these mys have heating and chemical properties m different 
degrees and under different conditions, but only those of the 
visible specti urn have the power of exciting the sensation of 
vision 

212. Effect of Eight-Intensity on Photosynthesis.— 

It is easy to show that the late at which a green leaf makes 
starch values according to tho intensity of the light. In weak 
light no starch is formed, and this is also the case when the 
hght is too intense, but between the two extremes the amount 
of starch formed corresponds louglily with the hght-intensity 
In most plants the optimum intensity is that of bright diffuse 
dayhght. 

It must, however, be remembered that the leaves are never 
all equally illuminated, and even when a plant with close 

D. E M 10 
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foliage is exposed to bright sunlight, the average intensity of 
the light iceeived by the leaves as a "whole may not be greater 
than that of bnglit diffuse daylight Hence the plant can 
affoid to ush slight injury to the more exposed leaves, in 
01 del that the rest may be able to assimilate moie actively. 
Similarly, plants with thick fleshy leaves or green stems pi e- 
fer bright sunlight because otherwise the inner assimilating 
layois only leceive very weak light. 

A certain amount of the light is absorbed by the medium 
tlnougli which it passes, and this loss is very great m passmg 
thiough clonds, tlnougli the smoky oil of towns, 01 tlnougli 
water Seaweeds and fresh-watei plants can not exist below 
a certain depth (about 400 yaids), because insufficient light 
leaches them 

The intensity of the light is also affected by the angle at 
winch the sun’s lays strike the earth, being greatest when 
the sun is oveiliead and least when it is on the horizon 
This effect is, of course, due to the absorption of the light- 
rays by the eaitli’s atmospheie. Owing to the longei days 
dining the summer of temperate regions, however, plants 
actually leceive more light pei suminei day than they do in 
the twelve hours’ day of the tropics 

In most plants, even slmde-loving forms, photosynthesis 
stops when the light-intensity is leduced to 001 that of sun¬ 
light , m sun-loving plants the minimum is reached long 
hef oi e this 

(a-) Covei lialf of a leaf with thin uapei, oi a piece of giound glasN, 
and expose it to light, teat foi stolon and note lesult. Compare the 
ouloiu, aftui tcHting "with iodine, with that of on uncovered leaf oil the 
same plant 

{!>) Place some healthy cub bionohes of Elodea m other water-plant 
nuclei v r otei, and select one w r hioli gives a good stream of oxygon- 
ImbhlcB (fanly uipid and constant) fiom its out end. Count the time 
loquircd for, say, 10 bubbles to be given off, and lepeut the counting 
several times till you get a fairly constant lesult Then leuiuvo the 
joi into the shade, or eovoi it with a sheet of Him white paper to 
weaken the light, and take times as befoie, noting the change m the 
late of bubbling 

(c) Ctnei the jai containing the watei -plant with a blaok cloth except 
at one side, and throw light on the plant by placing an liicandoHOOiit 
gas lamp, aoetylone lamp, oi clcotno lamp at different distances from 
it, noting the distances and the rates of bubbling Bung the lamp 
into such a position that bubbles begin to eoino off, and count tko rate j 
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when it becomes faiily oonstanb, bring the lamp to half tins distance 
from the plant and count again. Part of the offoob, however, is due to 
the heat given out by tho lamp; a flat-sided bottle, ol other vessel, 
containing water (kept ooltl by ooustanfc lenowal) should be UBod as a 
soreen to absoib the heat 

213. Amount of Light received and absorbed by the 
Leaf. —A leaf receives only a small piopoifciou of tlie light 
which falls ou it, even when exposed to full sunshine, the 
greater paib being lost by reflection and absorption A 
smooth and shiny cuticle reflects the light, while much of it 
is absoibed by a thick cuticle or a dense covering of bans 
In either case the lesult is the same , the green tissue (rnoao- 
phyll) in most cases actually leceives only about one-tenth of 
the incident light 

However, m most leaves the epidermis absorbs but little of 
tho available (i e unieflected) light, and, on the other baud, 
most of this light is used by the green tissue Tlnn leaves 
transmit a good deal of the light, but such leaves usually 
belong to plants which grow in shaded places, so that in any 
case tho absolution of the light leceived is piactically com¬ 
plete in most plants 

Only a small proportion—probably less than 5 pei cent.— 
of the light received by the green mesopliyll cells is actually 
used in photosynthesis , the remainder is cunvei ted into heat 
and causes vapoiisation of the watei in the chloioplasta. 

(rt) A photographer^ “expos iuo motor” should be used to oompare 
tho intensity of light m open and shaded plaoos, cto This instrument, 
some forms of winch ure very cheap, consists essentially of a stnp of 
sensitised papei and an auangenient for exposmg a small piece of the 
paper at a time, the period of exposure in seconds being noted with a 
watch. 

(b) Expose pieces of the sensitive strip to tho light for 1, 2, 3, 4, and 
5 seoonds suocossivoly, about noon on a blight day, and note tho dif¬ 
ferences in tint in tho five pioaes After exposure put the light-punts 
into a light-tight box, which should only bo opened in ruby light (or 
gaslight if gaslight paper is used). 

(c) Strip a pieoo of epidermis from a loaf, place it ovoi tho opening 
in tho motel, and expose to sunlight 

Take an exposure, for tho same length of time, with the same loaf or 
a similai one, over the sensitive paper 

Take a print by exposing the papei itself to tho light. 

On oonipaimg tho three prints, we get a rough idea of the amounts 
of light shut off by the epideimis, absorbed by tho meaophyll, and 
transmitted thioiigli the leaf 
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(d) Try leaves of different plants, especially those whoso epidermis 
is easily peeled off, and find out, by comparing the tints of the exposed 
paper, the 1 elation between tlie amounts of light screened off by tho 
epidermis 

In the Sunflower the epidermis allows roughly 0 1 of tho incident 
light to pass ; the paper covered by a piece of epidemiiH needs to be 
exposed nearly ten times ub long as the uncovered paper to give tho 
same tint The whole leaf allows very little light to pass, only about 
0 005 , paper coveied by a leaf takes three minutes or moio to acquiio 
the tint pioduced by full light in one second. The mesopliyll, tlioio- 
fore, gets 0 005 of the light which falls on the leaf 


(e) Make and compare “ epidermis prints ” and “ loaf-punts ” of the 
leaveH of plants growing natuially in open and in shaded places, plants 
with shiny cuticle (e y Holly, Chmy Laurel), leaves with liany 
oovenng, etc , at the same time making oidmary “ light prints ” as a 
standard 


214. Which Light Rays are concerned in Photo¬ 
synthesis ?—It is fairly easy to tost this by comparing tho 
effects of exposing plants to light, of different colours —i o 
allowing only certain rays to fall upon the loaves It is fouud 
that the rays at the red end of the spectrum are more active 
than any of the rest m promoting photosynthesis, and that 
"for most plants the curve obtained when the results of experi¬ 
ments aie plotted on aquaied paper shows two “humps ’ or 
maxima, the higher one being in the orange and the lower in 
the blue, with the lowest intermediate paid (minimum) in the 
green 

(a) A rough comparison may he made by setting a plant, or a leaf 
with its stalk dipping into a bottlo of water, in a box, one of wIiohg 
aides is replaced by a sheet of red glass, anotlioi in a box with a side of 
areen glass, another with blue gloss After several hours’ exposure to 
light, test eaali for staroli with iodine solution Howcnor, coloured 
glass ih hardly evei pure, m the sense of allowing only rays of ono 
colour to pass through it, This can easily he scon by testing coloured 

g lass with a spectroscope (ail excellent direot-vision Hpeotroscopc can bo 
ad for 25a.), or with a lantern and prism 

* (b) A bettei method is to use a pair of double-wallod lKill-jaiN, tho 
space between the two walls being filled with a coloured solution Ono 
should be filled with watery solution of potassium diohromato, the 
other with watery solution of ooppor sulphate, to whioli ammonia has 
been added The first solution allows red and oiango lays to pass 
through, the second one blue and violet rays In tlirn way wo nan at 
least divide tho spectrum into a rod-end half and a blue end half. Rot 
each bell-jar on a folded cloth, or m a saucer of dry sawdust, so us to 
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shut out any white light, place under each a plant in a pot or a seed¬ 
ling that has been dug out and had its loot set m a bottle of water 
Sot both bell-jars m diffused light; in rlnoot sunlight the temperatures 
in the two would not bo the same (why ?) The plant in the red-orange 
light will be found after exposure to light (let the experiment last for 
two days) to have foimed abundant staroh, that mthe blue-violet light 
will be almost bee from staroh. 

(c) Wfttoli the bubbles of oxygon arising from a submerged water- 
plant, and time the rate of bubbling When this is faiily regular, 
cover with the blue bell-jar, and notice that the bubbling becomes 
slower after a short time After about five minutes (take several 
readings during this time) take off the blue jar and put on the lod- 
oiange one, taking xecoids of the rate of bubbling as befoie, noting the 
increase in red-orange as compared with blue-violet light 

215. Chlorophyll, —Since only the green parts of plants 
can carry on photosynthesis and the gieen colour is due to 
chlorophyll, it is necessary to study the propeities of this 
substance. 

Chlorophyll is a colouring substance, 01 pigment, of a 
complex nature, its composition is not yet fully known 
It contains magnesium (and, accoidmg to some, phos¬ 
phorus) in addition to carbon, hydrogen, oxygen, and 
nitrogen. It is piobably a mixture of several pigments, 
but these, which can be separated oitificially by treating a 
solution of chlorophyll by reagents, are piobably pioducts 
of decomposition 

In natuie, chlorophyll is readily decomposed by bright 
light, and it probably undeigoes continuous changes, being 
built up as rapidly, m ordinary conditions, as it is decom¬ 
posed. It is a fluid or semi-fluid substance, produced in, 
and held by, the special masses of protoplasm called cliloro- 
plasts The cliloiophyll present in a cbloroplast only foims 
about 0 1 per cent of the latter’s substance 

Chlorophyll can be extracted by means of alcohol, ether, 
chloroform, etc A solution of chlorophyll is fluorescent—it is 
green by transmitted light, dark led by leflected light When 
the solution is held against the light and examined with a 
spectroscope, or placed in the path of a beam of light, which 
is then passed through a prism, the spectrum showB dark 
bands, m the red, blue, and violet, regions especially, the band 
m the red is very marked, appearing even if a weak solution 
is used. These dark bonds (also seen on examining a thin 
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green leaf with a spectroscope) are of couise due to the 
abecnption hy the chlorophyll of these rays of light, the other 
rays being allowed to pass tlnough the leaf. The absorption 
spectrum of chlorophyll agiees roughly with the lesults 
obtained by exposing plants to red light, green light, blue 
light, etc 

# (a) Extinct chlorophyll ftom green leaves (eg Bean, Groan , almost 
any leaven will do, hut leathery ones should bo olioppod up) by boiling 
tliem in water, draining off the water, and covering the lem es with 
alcohol, Then place the dinli containing the leaven and alcohol in the 
dark ; light destioys the colouring matter in the solution Filter the 
solution, and place it m a coiked bottle 

* (h) Notice the colour of the filtered extiaot by holding the bottle up 
to the light, and by holding it against a blaok surface; it is gieen by 
transmitted light, led by reflected light Obtain a continuous speotrum 
on a scieen by fastening on the lens of an optical lantern a card with a 
vertioal slit, and holding a pnsm in the path of the light Hold a test- 
tube of alcoholic chloiophyU-solution against the slit, and notice that 
the colours m several parte of the spectrum ore replaced by dark 1 Minds 
□'lie most prominent dai k liand appears in the red part, but if the solu¬ 
tion is stiong hands will also be seen in other regions of the speotrum 
Tiy the effect of interposing pieces of glass of various colours, or 
bottles containing solutions or dicliromate of potash and of coppei sul¬ 
phate In eaoli case certain rays of light are stopped, that is, absorbed, 
and the places of time rays in the spectrum are occupied hy daih hands, 
that ir, by darkness 

Wo see now that chlorophyll absorbs oeitam light-rays, allowing 
the iest to pass tlnough it, and wc may conolude that those absoiherl 
rays in some way supply the eneigy winch is noodod in carrying 
on the work of photosynthesis A direct-vision spectroscope wifi 
bIiow the absorption bands, especially that m the rod part of the 
Bpeotrum. A very useful additional piece of apparatus is a wedge- 
shaped bottle (“indigo prism”) by means of which one can examine 
different thicknesses of the solution. 

(c) It will be notioed that the extreme end of the rod region (that 
neaiest the invisible infra-red) is not absorbed by the chlorophyll 
solution If you hold up to the light a thick layer of stiong lonf- 
oxtraot (using the tin ok oncl of an “ nuligo-pnsm ” or a flat-sided glass 
vessel) you will find it appears rod instead of gieen 

(d) Plaoe some leaf-oxtioot m a toRt-tubo, dilute with a few drops of 
watoi, then add benzol, ahake, and allow to settle The benzol, which 
floats above the alcohol, dissolves out a bluish-green oolounng-mattor, 
leaving a yellow substance dissolved in the alcohol. These two pig¬ 
ments piesont m the attract can also lie Repainted by using ether m 
olive oil instead of benzol Find out, by using the speotruHoopo, m 
lantern and prism, uhicli light-rays each of those substances absoib. 
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* (e) Fill three test-tubes with leaf-oxtroot, cork them, and place A in 
sunlight, B in diffused light, 0 m darkness. Carefully boil some extiaot 
m a fourth test-tube (D), and place it with A in sunlight Notice, afteL a 
clay’s exposure, that A becomes blown, C is unchanged, while B and D 
are only Hligktly changed, the ahsonoe of oxygen in D hinders the 
destructive effect of light. 

(/) Add some ]0 pei cent, solution of copper sulphate to some leaf- 
extract ni two test-tubos ; a copper compound is produced which is not 
led by reflected light, and winch is liobrlcHtinycd by light. Venfy the 
Littci point by placing ono tube m sunlight, the othoi m daiknoss, in 
cadi case with a tube of ordinaly lcaf-oxtraot foi comparison. 

216. TTnder what conditions is Chlorophyll pro¬ 
duced? —We have seen that seedlings grown m darkness 
differ from those grown in tho light in several respects. In 
most Flowering Plants chlorophyll is not formed m dark¬ 
ness , the chloroplasts are preseut in the cells of the stem and 
leaves of darkenod seedlings (or of the shoots produced, say, 
by a potato-tuber kept in darkness), but m the stems the 
chloioplasts remain eolouiless, wlulo m the leaves they lie- 
come yellow Hence the stems remain white and the leaves 
turn yellow The yellow coloiu 1 of tho leaves is due to the pie- 
sonce of a pigment called etiolin, developed m the chloroplasts 
instead of chloiopliyll, and the plant is said to bo etiolated 

If, however, we sow Pine seeds in darkness, we find that 
the cotyledons of the seedlings turn green Chlorophyll is 
also pioduced m the new growths formed by Mosses, Liver¬ 
worts, most Cacti, and some other plants, when kept in dark¬ 
ness. Yoimg Fern plants and Sycamore seedlings are fuither 
exceptions to the general rule that chlorophyll is only 
produced in the light. In any case, an ordinary gieen 
plant.—one which can only manufacture its food from carbon 
dioxide, water, and salts—merely keeps on growing m dark¬ 
ness until its storo of alieady manufactured food is used up, 
all tho time losing in dry weight (Art 141) 

It is easy to prove that chlorophyll is formed m light too 
weak to allow of photosynthesis. It is produced in shaded 
places with light-intensity of less than 0 001, though very few 
iioworing plants can thrive in such feeble light, e <j in dense 
Beech woods. 

What other conditions, if any, ore essential (in addition 
to light) for tho formation of chlorophyll ? It. is easy to 
discover by experiment whether warmth, oxygen, and carbon 
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dioxide, for instance, ore required Tlie presence of iron is 
essential, but it is not so easy to prove tins; sometimes one 
comes upon a case in which the leaves are pale and sickly 
(chlorotic) owing to lock of iron, and can cause the production 
of chlorophyll by adding iron to the plant’s food (eg m 
water-cultures, Art 230) or by applying a weak solution of 
an iron salt to the leaves with a camel-hair brush 

* {a) Grow seedlings, eg Chess or Mustard, in darkness, then place 
some of them in a good light, olose to a window, and note the time 
required for the pioduotion of a distinct green colour. Plaoe the others 
in a dark part of the room, and when they have become green test the 
leaves for Btavoli These observations will show that (a) a green tinge, 
due to formation of chlorophyll, may be developed m an hour, or less, 
m good light, ( b ) light too weak for photosynthesis is strong enough 
for tlie production of chlorophyll 

( h ) Sow in the same pot or box some seeds of Pme and of Bean oi 
Pea, keeping them m darkness, and compare the colour of the Pine- 
seedlings with that of the others 

(c) Place some etiolated seedlings (Cress, Mustard, Bean, etc ) in a 
bottle or small glass jai, oover with a glass plate, and set it in a larger 
jar half filled with watei Keep the water at 30° 0. In a similar 
apparatus keep some of the seedlings in cool water, or water kept at 
l(rO , by adding bits of ice fiom tune to time Compare the depth of 
the green colour developed m the two sets of seedlings after an hour or 
two of exposure to light. 

* (d) To show that oxygen is necessary for the formation of ohlorophyll, 
fill a test-tube with water, invert it in watei, and pass under its nm 
some etiolated Mustard seedlings Though exposed to light, the seed¬ 
lings do not become green, owing to look of oxygen. Another method 
is to place heavier seedlings— e g Bean, Pea—in a glass jar and cover 
it with water. In each oaso similar etiolated seedlings should be 
placed on wet blotting-paper at the bottom of a jar, whose mouth must 
of course be left open 

217. What is the Function of Chlorophyll?—Tins is a hard 
question to answer, except in a very vague manner We know that 
the waves of eleotnoal energy, which can produce formaldehyde from 
carbon dioxide and water, are much longer than tlie light-waves in tho 
red end of tlie speotium and that red light is nearly as ofiicientas white 
light in the process of photosynthesis We know also if a leaf is 
covered by another leaf, or by a solution of ohlorophyll, it manufactures 
little or no starch 

As a working theory, one might infer, from the known faots, that 
tlie function of ohlorophyll is to convert light energy into eleotnoal 
eneigy, by increasing the wave-length so as to transform the relatively 
short wavoR of light into tho muoh longer waves of eleotnoal energy. 
If tins lie so, ono can understand why the longer light-waves (led) are 
so efficient m promoting oarbon-assunilatian 
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218. Etiolation. —Tlie effects of darkness on a green plant 
in producing starvation and loss of dry weight have already 
been studied (Ait 141). Apart from these effects and the 
non-production of chloiopliyll, various changes of form and 
structure are produced by darkness. 

The stem-mtemodes and the leaf-stalks (if the plant has 
stalked leaves) are unusually long, giving the plant a 
“diawn” appearance In this way there is a chance of 
shoots reaching the light, as, e g , in seedlings smothered by 
other plants In etiolated plants, also, the leaves remain 
small and scaly, there is a great development of soft tissue 
and a meagre formation of hard woody tissue Large leaves 
would be useless in darkness; we might say, therefore, that 
the plant devotes all its energy to the formation of long 
“ mternodes ” which may be of use to it Many examples of 
etiolated plants will readily occur to the mmd of the student 
—e g. celeiy (leaf-stalks), grass covered by a roller or a board 

A plant wlncli is normally green must of course have a 
leserve store of food to draw upon m order to giow m dark¬ 
ness at all 

# Grow in dftikncss (in eaok case with plants of the same kind grown 
in light foi oompanson) various plants winch have a good store of food 
in their seeds or m such storage-organs as bulbs, conns, tubers Sow 
seeds of Biood Bean, Runner, Maize, Wheat, plant Potato-tubers, 
conus of Crocus, bulbs of Onion, Tulip, Narcissus, eto Also oompare 
the growth in daiknoss and m light of plants which normally have a 
tufted or rosette habit (e g Crossula, Loudon Pndo, Daisy) and note 
that m darkness the mternodes become elongated 


219. The Main Function of the Leaf is to act as a 

laboratory for the manufacture of organic food from the 
caibon dioxide of the air and from the watei absorbed by 
the roots. To carry out this process energy is necessary, 
and this energy is supplied by the light which the green 
chloroplastids absorb During the process more complex 
substances such as sugar are formed, and a corresponding 
amount of energy is stored up in this manner. At the 
same time a volume of oxygen gas is liberated, equivalent 
to the amount of carbon dioxide assimilated Hence green 
plants exposed to sunlight tend to purify the air rendered 
foul by the breathing of animals. 
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When a plant is burnt, oxygen is consumed and carbon 
dioxide and water produced, while the stored energy is 
liberated again m the form of heat. This energy was 
stored up m latent form during the assimilation of carbon 
dioxide, and it really represents that portion of the sunlight 
absorbed by the plant, which was utilised in the process, 
and which provided the energy necessary to pioduce a 
chemical change of this kind Coal consists of the lemams 
of plantB of past ages, and hence, when a piece of coal burns, 
the heat and light which are libeiated simply represent so 
much sunlight which has lam dormant for millions of years 


220. The Store of Carbon Dioxide in the Atmosphere, 

—Enormous quantities of carbon dioxide aie absorbed by 
green leaves from the air, although the latter usually con¬ 
tains not more than 0 03 to 0 04 per cent of this gas. A 
large Sunflower leaf may absorb, diumg a single hour’s ex¬ 
posure to Bunlight, the carbon dioxide contained m many 
cubic feet of air, making about 2 grammes of staich pei hour 
per squaie yaid of surface 


About half of the dry weight of a plant consists of cm lion, and the 4 
litres of carlion dioxide contained in 10,000 litres of an contain only 
2 grammes of caibon A tree having a diy weight of 5,000 kilograms 
must therefore (to obtain its 2£ million grammes of carbon) deprive 
12 million cubic metres of air of their carbon dioxido But the 
atmosphere contains an astounding amount of oarhon dioxide, which 
drffu Ced ^ thC dlSp0Sal of plant3 0Wln S lts umfoim distribution by 


The actual supply of carbon dioxide in the air is estimated at 3,000 
billion kilograms .containing 800 billion kilograms (about 800 million 
tons) of carbon, which would be suffioient for the earth’s vegetation for 
several} ears, oven if the supply were not being continually renewed bv 
the respiration and decomnrwitinn nf nrrrn.niaTv. a _r i _ * 


the 

etc 


„ ,-- wwonuuiiDiug uuuwmiauy renewed, by 

respiration and decomposition of organisms, by processes of burning, 

n 0 "* ^ m0r6 thftn 400 !»<*« <* Mirbon 
aiovide the 1400 mdhons of human beings m the world give to the an 

hurn^ ann n H ' 11 ' 011 klograniB of oarl)on The amount of ooal 

, , aimnally has been estimated at 400 billion (400 000 000 0001 
kilograms, yielding to the air over 300 billion kilograms of airbon 
(coal contains about 80 per cent carbon) Even larger amounts of 
onrbon dioxide are doubtless produced by tho Bacteria of the soil. 


231. How Carbon Dioxide enters tie Leaf.—In a 

seaweed or a submerged flowering-plant, carbon dioxide is 
absorbed, and oxygen given out, by diffusion tlirougb tlie 
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whole surface of the plant In the case of an ordinary plant 
with stomate-bearmg green orgaus, the gaseous exchanges 1 
between the ntmospheie and the plant’s tissues take place 
through the stomates almost exclusively The stomate- 
bearing leaf is a much more efficient organ of gaseous 
exchange than it would appeal’ at first sight 

The actual opening of a stomate is only about 0 0002 sq mm. 
—small enough to hmder the entrance of dust or water. The 
stomates are very numerous, a Sunflower leaf, for example, 
has about 12 millions A square millimetie of Broad Bean 
leaflet gave, as the average of several counts, 90 stomates on 
the epidermis and 140 on the lower; a large leaflet, with 
area about 20 sq. cms, therefoie has nearly half a million 
stomates Still, the total area of the air-openings is only 
about 0 01 of the total leaf-area 

It has, however, been found that the rate of diffusion of 
gases through a plate with small openings is much greater 
than through a smglo opening of the same total area, and 
that when the small openings me placed about ten times their 
diameter apart the rate of diffusion is as lapid as when no 
parfition is piesent These requn ements are met by the size 
and the distnbution of the stomates on a leaf, and a given 
area of a leaf has been found by expeiiment to abaoib two- 
thirds the amount of carbon dioxide taken up in an equal 
time by the same area of potash solution exposed freely to 
the air 

222. What becomes of the Starch formed in the 
Foliage-leaves? —Is it. absoibed by the plant, like the 
starch stored m the cotyledons of the Beau ? If so, we ought 
to find less starch in the leaves in the morning than m the 
evening, smoe the leaf cannot make moie starch until it is 
again exposed to light 

(a) Romovo some loaves from a plant m tlio early evening (an Lour or 
two before sunset)and place them in alcohol. Early next morning i amove 
flonio more loaves from tlio plant, and also out out differently shaped 


1 Those exohangos are (1) enhance of carbon dioxide and osoapo of 
oxygon, (2) untranoe of oxygon and esoape of cat lion dioxide, (3) escape 
of water vapour, m the piocessos of Carbon-assimilation, Uospiration 
(Ch VII), and Ti {inspiration (Cli VIII.) respectively 
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pieces from some of the leaves and place them in aloohol overnight; 
then compare their starch-teat with that given by the rest of the leaf 
the next morning. The starch formed in the leaf during the day is 
found to have disappeared, more or less completely, m darkness 
* (&) Would the staroh have disappeared had the leaves not been loft 
on the plant ? Repeat tho experiment, but out some of the leaves off, 
set them in a tumbler with their stalks under water; out pieces out, 
test them for starch, then test the rest of each leaf m the morning 

223. How does Starch disappear in Darkness ?—We 

saw that the starch stored m the Bean cotyledons ia on ger¬ 
mination converted by the action of a ferment (diastase) into 
sugar , which is soluble in water and therefore able to travel 
by diffusion to the growing parts of the young plant and 
supply them with food. We have seen that the leaf when 
exposed to light produces starch, which disappeai s during the 
night, and if we cnt out small pieces from the same leaf every 
day and tested them, we should find that the alternate pro¬ 
duction and disappearance of starch go on day after day By 
cutting out pieces of leaf of a certain area, drying them and 
weighing, we should find that the dry weight of the leaf is 
increased at the end of a sunny day, that it decreases after 
some hours of exposure to darkness, increasing again on 
exposure to light These facts suggest that the staich formed 
m light is digested and earned away during darkness, and we 
find that the leaf-cells pioduce diastase just as do the cotyle¬ 
don-cells in the Bean seedling 

Keep a plant in darkness foi two days, then expose it to sunlight for 
seveial hours Remove some leaves, dry them in a slow oven (or on a 
sand-bath), then powder them and let them soak in oold water foL 
about half an hour Filter the extract thus obtained, and try its effoct 
on starch-paste, testing with iodine, and later with Fehlmg’s solution. 
An extract of leaves of Tropaeolum or of Broad Bean, made in this 
way, quickly oonverts staroh into sugar, try these and other plants 


QUESTIONS ON CHAPTER V 

1 What differences exist between the ootyledons and the foliage- 
leaves of the Brood Bean ? How nmy these differences he aooounted 
for 9 

2. How ooulcl you prove that a leaf lias air-spaoes inside it and air- 
pores on its surface 9 

3 Describe the structure of a typical foliage-leaf 
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4 How could you prove that a green leaf rnakos food when exposed 
to light’ 

5 Under what conditions is Bluioh formed in the foliage-leaves oi an 
mdmary land plant’ Give experiments m pi oof of eaok statement 

6 What is a stomato, and how doos it work ’ Why do people often 
syringe or sponge the leaves of plants grown mdoois or beside a dusty 
load’ 

7 To what substance do the gLeen parts of plants owe their colour ? 
fcitato and explain the nature of the woik which only the green parts of 
plants aio able to peiform 

8 Explain how it is that a green plant oannot cany on its nutrition 
in darkness. 

9. What ooustituont of plant food is obtained fiom the atmosphere ’ 
What changes do plants affect in it ’ Describe an expeimient to demon¬ 
strate this. 

10 What is meant by the term Photosynthesis ? What ib the first 
visible, (solid) result of this piocoss, and how would you deteot it in a 
leaf ’ 

11 What gases would you expeot to find m the air of a dosed glass 
vessel exposed to light bofoio and aftoi leaving a gieen plant within 
it’ (State the 1 elative cpiantity of the vaiious gases, and how the 
presence of euali can bo detected. How could you measure the quantity 
of each gas ’ 

12 Two loaves, while still attaohed to the plant, are kept in the 
daik foi twenty-four hours, then one is exposed to Biinlight foi some 
horns, while the other still lomains in the claik By what ufbei-tieat- 
mont would you distinguish between the two’ Explain youi exact 
procedure and the loasomng on which you base your conclusions 

13 Explain as fully as you can how it ib that the guard-cells of a 
stoma are enabled to alter the size of the apeiture between them 

14 What is the importance of carbon to a plant 9 Erom what source 
doos a green plant get its caibon, and how is it assimilated ’ 

15 What do you consider the essential characters of the foliage- 
louvea of a green plant—«. e. the diameters in which all or nearly all 
leaves you know agioo ? How are those features of leaves of servioe to 
the plant ? 

10 On what law does the intensity of light depend? How does 
light-intensity affoot Photosynthesis ? 

17. What is meant by Refraotion ? What is a prism, and how 
could you prove by its use that white light oonsists of rayB, having 
difforont oolours ? 

18 Describe the continuous Spectrum. How is the appearance of 
the spectrum affected by an extract of chlorophyll being plaoed 
between the prism and the screen on.which the spectrum is received ? 
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19 What is the funotiou of Chloiopliyll ? Undei what conditions is 
it foi med, and how does it oeom in the plant 9 

20 What is meant by “the abstuption spectrum of dihuupliyll,'’ 
and what do we learn from it 9 


21 Explain the term Photosynlhosis. What gases would you 
expect to find in the air of a closed glass chamber exposed to Iho Rim 
before and after leaving a green plant within il 9 State the lelativo 
quantity of the vai ioub gases, and how the presence of ouch can bo 
detected. Explain briefly how you would attempt to measure the 
quantity of eaoh gas piesent in the mix blue 

22 Bubbles of gas arise when a green watoi-plant in a howl of 
ordmmy tap-water is placed in sunlight What is tins gaw, and how 
is it produced 9 Give as full an explanation as you can of the client of 
(a) leplacing the tap-water by previously boiled water, (fr) intio- 
dutnig lumps of ice into the original howl of water. 

23. What process is meant by the teim Photosynthesis 9 8tato us 
bnefly as possible the conditions neoessaiy foi such a pLooesH Describe 
accurately on experiment you have seen which domonstiuled that 
a plant was carrying on the process 

24 Describe any experiments which throw light on (a) the passage 

j a? 111 mem ^ raD ^ 8 by oBmosis, [b) the passage of gases by 

diffusion through small openings What have these experiments to do 
with plant life 9 

25 Describe as many experiments as possible showing the effect of 
temperatiue on tho physiological processes of plants 

26 bketch a oouise of work on a green leaf for an eleniculuiy oIuhh, 
which is not piovuled with microscopes 

27 Descnbe the minute struotiue of a small bit of a giecu loaf 
bhow that it is specially fitted for ahsoibmg and libeiating cm tain 


28 A Beed (e p a Bean) ib germinated m a dark cupboiud. Desmibo 
the seedling plant developed under these conditions, and point out 
m what respects it differs from a plant grown in the light 

29. How would you obtain, and prepare for examination, living, 
under the microscope, the green cells of a foliage-leaf 9 Di aw oarof allv, 
and desonbe in detail, the structure of suoh a cel], naming tho different 
ports, and mentioning, so far as you can, their uses. 

eo “ dltlons are essential m order tliat a green leaf may 
yo™ Sr isbZT “°° 0mit ° f th6 eXpanmeEtaI aT1 ^ no ° wliioK 

31 ‘ ? s fuU 7 as ,y° u Clm the reasons for the lanky appear- 

anoe exhibited by many plants when grown m the shade of trees? 1 

. ?t 2 , w subBte ? c ,° do the green parts of plants owe their colour, 
and what is the use of this substonoe to tho plant ? ' 
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ASH-ANALYSIS AND WATEE-CTJLTUKE 

224. Tlxe Food Materials of a Green Plant. —If we 

make a chemical analysis of a plant—an analysis of the 
gases given offhand the residue or ash left behind on burning 
the plant—we find the following chemical elements. carbon, 
oxygen, hydrogen, mtiogen, sulphur, phosphorus, calcium, 
magnesium, potassium, iron, soclium, silicon, and chlorine; 
traces of otliei elements ore sometimes piesent Of all these 
elements, only the first six actually enter into the composition 
of the living substance (protoplasm) of the plant It is evident 
that all the elements found m the plant must enter it in the 
food materials absoibed. All the caibon lequned by an 
oidmaiy gieen plant comes from the carbon dioxide of the 
an, which is absorbed by the green paits of the plant, while 
the other elements are absorbed by the loots, usually m the 
form of nitrates, sulphates, phosphates, chloudes, and silicates 
of potassium, sodium, calcium, magnesium, iron, and other 
metals. 

225. Water, Carbon, and Ash in Plants. —In several 
of our experiments we have seen that watei is present m 
fresh plant-bodies, even in “ air-dry ” parts like seeds as sold 
in shops, and that the water can be driven off by diymg 
plants in an oven without chairing them. In woody parts 
the percentage weight of water is about 50, in herbaceous 
paits (e.cj fresh leaves or whole seedlings) about 75, m fruits 
and m fleshy plants (e.q. Stonecrop) from 85 to 95, and in 
water-plants and Algae from 95 to 98. The residue in each 
case—the dried substance—gives the 14 diy weight ” 

When the dried parts are burnt, the organic substances 
of which they largely consist are converted into inorganic 
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substances, chiefly carbon dioxide and water, which escape 
dunng the piocess of burning, the nitrogen, as well as the 
caibon and hydrogen, disappears into the air when the plant is 
burnt If the dned substance is charied instead oi being 
entirely burnt, we get charcoal, and if we collected the carbon 
dioxide given off m complete combustion we Bhould find that 
a laige peicentage of the diy weight is represented by carbon 
—as much as one half 

The incombustible residue, or ash, repiesents the mineial 
substances, but in the piocess of burning these substances 
undeigo changes, so that they occm m the ash in chemical 
combinations different fiom those present m the fresh plant- 
body 

226. Analysis of Plant Substance. —To make an exact 
chemical analysis of plant-substance lequnes considerable 
skill m qualitative and quantitative methods of chenustiy 
But it is fanly easy to get a rough idea of the composition 
of plants by simple experiments 

* (a) Weigh soruo fteBhly piokcd leavoB and leouid tho weight Let 
them lie in a dry place until they become apparently diy (“an diy ”) 
and weigh again Fiom youi woik oil tianspnatiun you will know 
that the loss of weight is duo to loss of watei 

* (/;) Dry the lea\es in an oven and woigli them twice 01 tlnico until 
they show no further loss of weight In this way you got tho percentage 
weights of water and of dried substance As a check 01 ‘ * con U ol," heat 
some other “ an-dry r ** leaves gently in a test-tube and note the deposi¬ 
tion of water in the coolei upper pait of tho tubo . this represents tlio 
“hygroscopic ” water which is driven out by heating 

* { c ) Dry and weigh a porcelain crucible, place m it the oven-clued 
leaves, and heat thoroughly. The dry matonal chars and may flame 
for a time while burning; m ton minutes 01 so it is 1 educed to fine ash 
Find the weight of tho ash, weighing tho ciuoiblo and its contents 
twioe or thrice until no further loss ooours. Tu ascertain loughly tho 
amount of eoibon, heat some weighed oven-driod leaves in a weighed 
crucible, of ter covering them w'lth a weighed quantity of diy sand , 
after about ten minutes’ heating turn out tho contents and find tho 
weight of the charcoal 

227. The Ash Constituents. —The amount of the ash 
increases with the age of the plant (why ?) It also vanes 
m the diffeient parts of the same plant at chffeient Blages m 
its growth and hfe-lnstoiy. 
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Tlie following table gives, for several common plants, the 
appioximate percentage weights of (1) the ash m the plant’s 
dried substance, (2) the metallic oxides, the acids, and 
chlorine m the ash itself 


Plant 

t 

k 

100 parts of Ash oontam 


i 

Lame, 

| 

1 

Iron oxide 

Phosphoric 

Acid. 

1 * 

t* 

m 

I 

d 

! 

s 

Red Clovei 

68 

31 

02 

30 

11 

1 

10 

3 

2 

4 

Wheat (gram) 

2 

30 

2 

3 

10 

1 

46 

04 

2 

02 

,, (stiaw) 

5 

14 

1 4 

6 

2*5 

06 

5 

25 

72 

2 

Rye (grain) 

2 

32 

15 

3 

11 

1 2 

48 

1 3 

1 4 

05 

,, (straw) 

46 

22 

1*7 

8 

3 

2 

6 

43 

49 

2 

Pea (seeds) 

27 

43 

1 

48 

8 

08 

36 

34 

1 

10 

,, (straw) 

6 

23 

4 

37 

8 

1 7 

8 

6 3 

7 

5 G 

Potato (tubel's) 

38 

60 

3 

26 

5 

1 

17 

65 

2 

3 

Grapes 

62 

56 

14 

10 8 

4 

04 

15 

5 6 

27 

15 

Apples 

1 6 

3G 

26 

4 

9 

1 5 

14 

6 

4 

— 

Tobaooo (leaves) 

17 

20 

3*2 

36 

74 

2 

4-7 

6 

5‘8 

67 

Cotton (fibroH) 

1 1 

40 

13 

17 5 

54 

06 

10 6 

6 

24 

76 

Spinach 

16 6 

16 5 

35 

12 

63 

33 

10 2 

6 8 

45 

62 

Horsetail . 

27 

8 

06 

86 

1 8 

14 

1 4 

28 

71 

56 

Almond seed 

49 

28 

02 

8‘8 

17 6 

05 43 

04 

— 

— 


Note the striking difference between the seeds and the 
straw (stalks and leaves) of Cereals nud Leguminous plants 
in the pioportion of moie important (e g magnesium) and 
less important (e g. silicon) elements 

228. Ash Analysis.—The chief elements to be tested 
for, m analysing the ash of plants, are calcium, potassium, 
magnesium, phosphorus, sulphur (the two latter being piesent 
as acids) The ash should not be heated so strongly as to 
make it burst into flame. 

(a) Is the ash soluble m (1) water, (2) dilute hydrochloric aoid, (3) 
strong liydroohlorio aoid ? Find out in oaoli case by boiling some of the 
ash in a test-tube with water or aoid, allowing the undissolvod part to 
3 . F. M. 11 
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sulfide and evaporating some of the liquid, or heating it to dryness, 
on a watch-glass or evaporating-diah The insoluble residue, after treat¬ 
ment with strong aoid, contains chiefly silica. 

(&) Plaoe about 10 grammes of ash m a 600 o o flask, moisten it with 
a small quantity of strong mtno acid, then add about 20 o cs. strong 
hydroohlono acid and heat on a tnpod (or “ digest M it for half an hour 
on a water- or sand-bath at boiling-point) Rinse the contents of the 
flask into an evaporating basin ana heat to dryness Moisten the 
lesidue with strong hydroohlono acid, add about 200 o os of water, and 
filter Make the nitrate up to 600 o cs with water and divide it into 
foul* pai ta 

(l) To one part add, in a laige test-tube, some barium ohlondo 
solution The finely-divided wlute preoipitato (barium sulphate) in¬ 
dicates the presence of sulphur (as sulphurio acid) Venfy this by 
mixing some dry ash with oarbonate of soda, heat on charcoal with the 
reduoing blowpipe-flame, and (1) put a few drops of dilute hydroohlono 
acid on the fused mass (the sulphuretted hydiogen given off is easily 
recognised by its odour), (2) put a little of the mass on a silvei oom 
and add a diop of dilute acid (a block stain of silver sulphide is 
formed) These “ dry ” testa may fail, however, if but little sulphuric 
acid is present. 

(n) To some ash-solution m a test-tube add an equal bulk of strong 
mtno acid, then three or four times its bulk of ammonium molybdate 
A yellow precipitate indicates presence of phosphorus (as phosphoric 
acid) 

(in) To test for iron, add potassium ferrooyanide a daik blue pre¬ 
cipitate (Prussian blue) is produced. 

(iv) It is necessary to remove the phosphates from the ash solution, 
as follows Neutralise with ammonia, then add aoetio aoid till the 
solution is distinctly acid again, and then ammonium acetate in exoesa 
Now add feino chloride till no further buff-coloured precipitate (fenm 
phosphate) is produced and the solution beoomes red (owing to ferno 
acetate) Boil the solution till it is oolourless, filter, and rejeot the 
pi eoipitate 

To the solution thus obtained add ammonium ohloride, ammonia, 
and ammonium oarbonate , a white precipitate mdioateB the presence 
of lime. Filter, and to the filtrate add sodnun phosphate, a white 
precipitate (often fonned only after shaking the liquid and letting it 
stand for some minutes) shows that magnesia is present, 

Filter, evaporate the filtrate to dryness, and test the residue for 
soda and potash. Add a few drops of platinio ohlondo to the residue, 
evaporate again, then add some aloohol; a yellow orystallme precipi¬ 
tate sliows that potash, is present Or dip a dean platinum wire into 
hydroohlono aoid and hold it in a Bunsen or spint-lamp flame until it 
no longer colours the flame yellow (owing to presence of soda). Then 
dip the wire, moistened with hydroohlono aoid (strong) into the residue 
and put it in tho flame Potash turns the flame violet , but if the 
yellow (soda) oolour is too strong look at the flame through a thich 
pieoo of blue glass the soda colour ih out off and the reddish-violet 
potash flame is seen. 



ABH-ANALYSIS AND WATER-CULTURE. 


163 


If you are working in a olionuoal laboratory, you should try to make 
rough quantitative analyses of the ash of a few plants, using the 
methods given above, with the help of a book on Quantitative 
Analysis 

229, Essential Elements of Plant-Food, —All the 

elements named m Art 227, and several others, occur m the 
composition of plants and their food 
In fact, nearly all the chemical elements 
known to occur m soil, water, and air 
have been detected in analyses of 
plants It has been found by experi¬ 
ment, however, that for most green 
plants the essential elements — i.e 
the elements absolutely necessary for 
healthy growth—are carbon, oxygen, 
hydrogen, nitrogen, sulphur, phos¬ 
phorus, calcium, potassium, mag¬ 
nesium, and iron. 

230. Water Culture. —It has long 
been known that a plant can be grown 
in water containing salts in which all 
these elements are piesent with the 
exception of carbon. That caibon is 
essential is easily proved, as we have 
seen, yet this element need not be pjg a? —a riant of Buck- 
present m the solution supplied to the 

roots. That all the other elements are Relation 
essential, and must he supphed to the 
roots, has been shown by the method of water culture. 
Several plants of the same species are grown in glass jars 
(Fig 57), their roots dipping into a culture solution With 
most plants there is healthy growth only if the solution 
contains potash , lime, and magnesia , combined with nitric , 
phosphoric, and sulphuric acids, together with a trace of an 
won salt. 

* 231. Experiments with a complete Culture Solution — 

Get some large glass jars, eaoh holding at least a quart, for water- 
culture experiments. Sadis’ solution consists ol 2 grammes of 
potassium nitrate, 1 grammo eaoh of sodium oliloride, oaloium sulphate, 
magnesium sulpliate, and oaloium phosphate, and a drop or two of 
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iron oliloride (or non phosphate) to 2 litres of distilled water Knop’s 
solution, whioh is perhaps better, consists of 2 grammes of oaleiiun 
nitrate and 0 5 gramme each of potassium nitrate, magnesium sul¬ 
phate, and potassium phosphate, with iron as before, in 4 oi 6 litres 
of water. Perhaps the best plan is to get 4 oz of oaloium nitrate and 
1 oz each of potassium nitrate (saltpetre), magnesium sulphate (Epsom 
salt), and potassium phosphate, ana powder these salts to make them 
dissolve more loadily. These quantities will be sufficient for 32 gallons 
of oulture solution , hut the latter should he made up os required, so 
that the above quantity of each salt should ho subdivided aoooichng to 
the volume of solution reqiured eaoh time 
Another method is to prepare strong solutions of the salts and dilute 
them as vequiied Make (1) a solution containing 2 gi amines Ca(NOj)j, 
1 gramme KN0 3 , and 1 gramme ELHJ?0 4 to every 100 o os of water, 
(2) a solution containing?) 6 gramme MgS0 4 to every 100 o os of watei. 

Grow seedlings of Bean, Pea, Maize, Buckwheat (these answer well, 
but other plants should be tried, different plants eaoh time you stait a 
senes of cultures) until the roots have grown 
a few inches long, then fix each seedling into a 
cork or a wooden cover The cork or covei 
should have a hole m the centre for the plant, 
a slit somewhat narrower than the hole running 
to the edge of the oovei (so that the plant can 
be removed easily when necessary), and another 
hole for a stick to tie the plant to (Pig 58) 
Take care to keep the cork, or wooden cover, as 
well as the pai t of the plant which is m oontoot 
with it, quite dry; most failures m water- 
68 - oultuie aie due to “ damping off” at this part 

(caused by fungi) If a stick is used to suppoi t 
the plant, there is no need for any packing material Cuttings of 
Willow and other trees may be used ns well as seedlings 
Darken the roots by covering the mrs with black cloth or paper, 
adcl watei eaoh day to replace that lost by evapoiation and transpuation 
(using a funnel, and not letting the cork, or wood cover, get wet) Once 
a month take the plant out, wash its roots gently in a basin of water, 
pom out the culture solution, and ilet the plant remain with its roots 
in P^ in water for two days before placing it into fresh culture solution. 

r lhe oulture solution should not be alkaline, or the roots suffer; if it 
turns led litmus to a blue coloui, add acid (e g phosphoric acid) until 
it gives an acid reaction. 

The loots should be supplied with air; the simplest plan is to force 
air into the solution every day or two with a bicycle-pump or a con¬ 
densing syringe. Plants in oultuie solutions aie apt to suffer badly 
from look of oxygen, the amount of winch is far below that present in 
a well-aerated soil. If possible, use vessels of 1 gallon capacity 

* 232. Experiments with incomplete Culture Solutions.— 

Choose seedlings as nearly equal m size and general growth os possible, 
then place some m a oumplete solution, others m a solution from which 
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one oi other ot the essential elements is wanting. To depme the 
plaut ot potassium, use sodium mtiato instead of potassium nitrate, 
and calcium phosphate instead of potassium phosphate. Depnve 
others of oaloium by onuttmg the ealoium nitrate , of phosphorus by 
omitting the potassium phosphate; of magnesium by using oaloium 
sulphate in place of magnesium sulphate , or sulphur by using magne¬ 
sium chloiide instead of the sulphate, of nitrogen by using sodium 
ohloiido and oaloium sulphate m place of calcium and potassium 
nitrates, of iron by omitting the non salt (which should be added in 
all othoi eases). 

233. Essential Soil-Substances,—A soil must contain 
the same essential elements as the full cultrne solution m 
order to allow plants grown in it to come to maturity, and 
these elements must be m a form available for use by the 
plant Soil-water contains most of the essential elements m 
the foirn of dissolved compounds The composition of the 
water present m a soil can be learned by analysis of drainage 
water, and we can test soils for soluble substances by lettmg 
distilled water drain through them and then applying to it 
tests for the essential elements given above 

* (rt) Compaio tlie giowtli of seedlings (of the samo kind of plant) 
which have been supplied with (1) distilled water; (2) tap watei , (3) 
oultui'o solutions (some oomplote, othois with one element or othci 
omitted in each ease) If you grow the plants m washed sand, water 
with (1), (2), or (3) daily In eitlioi ease compare also with plants 
grown in good garden soil Aftei, say, six weeks, dry thoroughly and 
weigh the seedlings, and oompaio thou dry weights, then bum them 
and oompaiG the ash weights. 

* (b) Place some dry, fine garden soil in a funnel, plug the tube lightly 
with cotton-wool, and pour water slowly on the soil. Colloot the hist 
few drops that ooae through and repeat the test with diphenylaimno. 
The piesenoe of nitrates is shown by tho pioduotion of a deep blue 
oolouration A fertile soil always oontains lutiates. 

* (c) Continue to pour watei through the soil m tho funnel, and after 
collecting what comes through, evaporate it to dryness and compare 
the residue with what is left attoi ovaporating an equal volume of 
the water used 


QUESTIONS ON CHAPTER VI. 

1 What ohomioal substance forms tho great bulk of tho weight 
(a) of a living plant, ( b) of a plant-body after it lias boon thoroughly 
dried in an oven? If the diiecf body is now carefully burned and the 
ash collected, of what substanoes will it bo found to consist, and what 
has been lost in the process of burning ? 
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2. How would you yourself determine the percentage of water and 
the percentage of ash present in a plant? Name the elements most 
generally present m a plant, and Btato how you would determine 
whioh of these elements were absolutely neoossary to the life of the 
plant 

3 How would you determine the best strength for a culture solution ? 
How would you discovei if the strength of the solution was altered by 
the growth of the plant in it ? 

4 Explain how you would proceed to make a water oultuie Indi¬ 
cate tlie effect, on the plant, of the omission of salts containing oaloium, 
potassium, and nitrogen respectively. 

5. How aie watei-oultuies camod on? What are the oommonest 
causes of failure, and how may they be guarded against ? 

6 Pea seedlings with thou roots in distilled water will sometimes 
grow and produoe loaves and flowers. Name the elements that the 
plant must have obtained fiom some source or other, and explain how 
the feeding of the plant m this case must have (a) agreed with, and 
[b) differed fiom, that of a Pea seedling giown m earth 

7 In what form is (a) hydrogen and (b) nitrogen absorbed by a 
plant ? 

Explain as fully as possible the part played by each of these elements 
in the economy of a green plant. 

5 Give results of actual experiments which show that seodlings of 
common gieon plants are nourished (a) by an and sunlight, (b) by 
substances taken up fiom the ground 

0 What aie the essential elements of au ordinary gieon plant’s 
food ? In what foi ms are those elements obtained ? 

10 Wliat is meant by “ water-oulturo ” ? Name tlie suhstanoos 
which are used m making up a oulture-solution for a green plant. 

11. Describe the method by which the importance of the various 
mineral constituents of a plant’s food has been most satisfactorily 
ascertained 

12 What materials oonmoso the food of plants’ Explain the dif¬ 
ferences you have obsoi vecl between the uutiitive piooesses of a young 
seedling and those of an adult plant. 
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THE KESPIEATION OF PLANTS. 

234. Respiration.—Every living being, plant, or animal 
needs a continual supply of energy, without which, for 
example, neither growth noi active movement is possible 
In the case of a machine, such as a steam-engine, this energy 
is derived fiom the burning of coal, the carbon of the coal 
bemg oxidised to carbon dioxide, and energy being liberated 
in the form of heat. Similar processes take place m all 
living beings, but heie the combustion is less violent, so that 
the rise in temperatuie is never very gieat, and the sub¬ 
stances consumed may be moie or less complex in character 
(starch, oil, proteids, etc.) 

Like animals, all plants lespire—'that is, they absorb 
oxygen and exhale carbon dioxide—losmg carbon during the 
process. G-ermmatmg seeds and fungi respn-e as actively as 
do warm-blooded animals. The process of respiration is one 
of Blow combustion, and, although the carbon is oxidised at 
a comparatively low temperature, enough heat is produced 
to keep an animal warm, or to raise the temperature of a 
plant by a few degrees Plants have, however, so large a 
Burface lelatively to their bulk that they lose heat very 
rapidly, and are usually at almost the same temperature as 
that of the surrounding medium. 

When a green plant iesph.es it simply consumes organic 
material, which it itself had previously constructed fioin 
simple compounds by the aid of the energy contained in sun¬ 
light. Thus starch is produced from water and carbon 
dioxide, and a certain amount of energy fixed and oxygen 
liberated. Then, at a later date, starch may be consumed in 
respiration, oxygen being absorbed, carbon dioxide and water 
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liberated, and the “ fixed ” eneigy set free Grreeu plants are 
unable to make cbiect use of the energy of sunlight they ab¬ 
sorb, but, instead, adopt this appaienfiy roundabout method 
Its utility is, however, sufficiently obvious, for if plants weio 
directly dependent upon the radiant energy of the sun for their 
supplies of eneigy, they could only grow during the daytime, 
and even then the moie deeply situated tissues would receive 
haidly any supply of enei gy as compared with the more ex¬ 
ternal ones 

We saw that seedlings grown in darkness lose m dry 
weight (Art 141) In an experiment the dry weight of 
100 Wheat grains was found to he 4 grammes, that of 
50 Peas 11 grammes In each case a batch of seeds, equal 
m number and practically equal m weight, was germinated 
m daikness, and in three weeks the dry weight of the 100 
Wheat seedlings was found to be 1 5 grammes, that of the 
50 Pea seedlings 6 grammes 

The intensity of respiration varies greatly m different 
species, m different plants of the same species, and m the 
same plant at different stages of its life Oily plants and 
shade-loving plants respire feebly, floweis and opening buds, 
as well as germinating seeds, respne much more actively than 
fully-giown loots, leaves, etc 

At about 15°C the following plants abaoib, poi gramme of then 
fies*h weight, the following \olumes of oxygen in oubio cenlimotios — 
Cacti, 3 to 23 y Stoned op, 70, Spruce Fir, 44, Bioad Beau, 00; 
Wheat, neaily 31)0 

At 15°C the \nlumes of caibcm dioxide produced by the following, 
pei gramme of diy weight, are —Mustard seeds, 50 o,os , Poppy 
seeds, 120 o cs , Lilac buds, 35 o es , Lime-tree buds, 70 c.es. 

The spadix of Arum (Cuckoo-pint) was found to use up during its 
opening 700 c cs. of oxygen in twenty-four hours, the volumes (in o a.) 
used m the first six hours being 50, 70, 100, 140, 80, 40. A giamine of 
spadix substance may give out as much as 30 o.os of oarbon dioxide 
in an hour, and half of the stored substance (starch and sngai) may bo 
used up in a few hours 

The \ olumes of oxygen used up m twenty-four hours by the repro¬ 
duce e parts of flowers (anthers and pistil), taking the volume of 
these parts as unity, was found to be —Wallflower, 18 ; Tiopaeolimi, 
16; Cucumber (male), 11; Cucumber (female), 7. 

The volumes of oxygen used by the leaves (in darkness) were (volume 
of leaf = 1) —Wallflower, 4; Tropaeolum, 8; Passionflower, 5; 
Holly y 0 9, Aspidistra, 0 5 (which partly explains why tins plaut 
withstands unfavourable conditions indoors) 
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235. Water produced m Respiration.—-Since starch 
when heated gives off water as well as caibon dioxide, 1 and 
since respiration is essentially a process of oxidation or com¬ 
bustion, wo should expect that 5 volumes of water should be 
produced for every 6 volumes of oxygen used up In the 
normal respnation of most plants, the volume of caibon 
dioxide given out neailv conesponds to the volume of oxygen 
absorbed, but it is not easy to prove that the theoietical 
ratio holds good as regtuds the watei produced But even 
in lough qualitative experiments it is easy to show that 
geimnniting seeds in daikness lose more of their diy weight 
than one would expect from the amount of carbon dioxide 
formed, and this additional loss represents the water pro¬ 
duced by lespiration 

236, Respiration of rieshy Plants.—Other substances 
besides carbon dioxide and watei aie produced in noimal 
respiration, especially organic acids (make, oxalic, etc ) In 
fleshy plants (succulents, e g Cacti, Orassulas, “ Ice-plants n ) 
these acids aie produced m such quantities that tlie formation 
of carbon dioxide may be stopped altogethei foi a tune Tlie 
amount of acids in the leaves increases at night, in daikness 
these plants absoib oxygen without giving off carbon di¬ 
oxide, so that the an* around them diminishes m volume 
These acids would injure the jilant if they accumulated too 
much, but when a certain point is reached the plant begins 
normal respiration, giving off carbon dioxide, which in sun¬ 
light is at once assnmlated, starch being foirned and oxygen 
set free Hence m the morning, when assimilation begins, 
fleshy plants give out rnoie oxygen than they absorb caibon 
dioxide, and they will continue to give out oxygen m an 
atmosphere free from carbon dioxide. 

Succulents reduce their rate of transpiration, on accoimt of 
their habitat (see Chap. XXYII,), by having few stomates 
and small air-spaces, and this means a reduction in the rate 
of gaseous exchange and therefore in that of assimilation, 


1 According to the following equation .— 

+ Oy b= 000 2 + 5IL0 


Starali. Oxygen Caibon Watei 
dioxide. 
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hence they avoid, by their peculiar mode of respiration, the 
loss of carbon which takes place m ordinary plants by the 
setting free of caibon dioxide into the air. 


237, Respiration in Oily Seeds during their germina¬ 
tion is also peculiar While oily seeds are ripening (after 
fertilisation), the supplies of sugar' they receive (through the 
seed-stalk) are changed to oils, and m this process more 
carbon dioxide is given off than oxygen is absorbed—about 
five times as much, for instance, in Castor Oil When the 
ripe seed germinates, the oils are changed into sugars. 

During the first few days of germination the amount of 
carbon dioxide given out is less than that of the oxygen 

CO 

absoibed. In Linseed the ratio for the first six days is 

(roughly) 0‘8, 0 85, 0'4, 0 5, 0 6, 0 65. Hence these seedlings 
at first increase in dry-weight As the conversion of oils 

CO 

into sugars continues, the ratio gradually approaches 1. 

0 3 

These results are easily explained by the fact that carbo¬ 
hydrates contain more oxygen than oils do. 


238. Respiration affected by Temperature.—Respua- 
tion is not affected much by light, either by its presence or 
absence, or its intensity, but heat is of great importance 
The optimum temperature for respn-ation is nearer to the 
maximum than is the case with other vital processes. In 
germinating seedB, 10 to 20 tunes as much carbon dioxide is 
produced near the maximum temperature (85° to 45° 0 ) as 
at 0°C. In Broad Bean seedlings the amounts of carbon 
dioxide produced at 30°, 35°, 40°, 45°, and 50° are (in milli¬ 
grams per gramme of fresh weight) 550, 800, 660, 600, 
and 200. In sprouting Potato-tubers the amounts at 10°, 
20°, 30°, 35°, 40°, 45°, 50°, 55°, and 60° are 120, 220, 460, 
780, 1020, 1220, 1110, 1030, and 270 milligrams pel gramme 
of fresh weight. 

239. Respiration Experiments.—MoBt of the points 
just mentioned can be demonstrated by simple experiments. 
If time allows, some quantitative experiments should be 
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made, e g witli tlie apparatus shown in Fig 59 In any case 
make the following expei imeiits — 

# {a) Get nine glass jais of equal capacity Into 1 pour a little water 
Into 2 put some soaked peas, and into the others put an equal weight 
of the following fresh materials 3, living loots (out fiom seedlings), 
4 , mushioumB, 5 , onions sliced m half; 0, sliced carrots , 7 , pieces of 
hoibaceous leafy shoots , 8, living woody stems. In 9 put some peas 
killed by boiling and then washed with formalin (to prevent growth of 
moulds and germs) Set all the jars together, after oorking them and 
soalnig the corks with vaseline, m darkness After twenty-four hours 
lower a lighted taper into each jai m turn, noting the time required 
for the extmotion of the taper m each case 

# {b) Repeat the experiment, tins time keeping the jars exposed to the 
light on a bright day, or for two days 

# (c) Repeat the experiment, but mstead of U8mg the tapei pour into 
each jar (at the end of the expenment) an equal volume of baiyta-watei ; 
replace the oork, shake the jars well, and compaie the degree of milki- 
ness produced m eaoh oase Make the expenment twice—in darkness 
and m light. 



Fig 61) —Tho Arrows allow the Direction of the Current of All, which ia drawn 
tluuugli by attaching an “ Aspirator " (Art. 81, Mg 26) at tho loft of tho AppiuntiiH 
Tho two piuuus of glass tubing titted with atop-ouuka may bo dispensed with and clips 
uBOd on tho rubboi tubing (shown black). 

{d) Suspend three healthy laurel leaves by tliroada from the well- 
fattmg oork of a large bottle containing lime-water, and oxpose them to 
bright light. After several hours the lime-water is still comparatively 
oleai, Dover tho bottle with blaok cloth, and m a few hours the lime- 
water will become quite milky, owmg to the respiration being no longer 
masked by tho ro-assnmlation of the oarbon dioxide it produoos 
(e) Place Borne green leaves m a glass jar (Pig 59), through wlnoli a 
slow ouiTont of am is passed. This air is deprived of its carbon dioxide 
by the potash contained m the U-tubo, so that the lime-water or 
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baiyta-wuter m both bottles Lemains cleai so long as the leaves are 
exposed to sunbglit or very blight daylight, whereas if the bell-jai is 
coveied with a blaok cloth, the liquid in the left-hand bottle soon 
becomes turbid and milky 

In Fig 59, the plant used is coveied with a bell-jai standing on a 
glass plate, its nm being smeared with plasticine and vaseline to make 
the junction an-tight. 

(/) Using the saiuo apparatus, wo can make rough quantitative 
experiments The amount of carbon dioxide produced is detoLmined 
by weighing tho left-hand bottle befoio and aftei puttuig in the baryta- 
water and again at the end of the expeumeut The gain m weight of 
the baryta-watoi represents the weight of barium oarbonate (BaC0 3 ) 
produced, and fiom the atomic weights of barium, carbon, and oxygen 
we calculate the weights of the oaibon dioxide and fiom that its volume. 

A simpler plan, if the neoessaiy appoiatus and chemicals are avail¬ 
able, is to £ ‘ titrate” samples of (1) the baryta-water put in the bottles 
befoio tho experiment begins, and (2) the clear baryta-water above tho 
pieoipitate at the end of the experiment, using standard solutions of 
oxalio acid and of phenolplitlialein (see books on Volume trio Analysis) 


240. Comparison of Photosynthesis and Respiration. 

—These are, to a certain extent, antagonistic piocessea, the 
fiist involving a pioduction of organic material, a consumption 
of carbon dioxide, and a liberation of oxygen; the second, a 
consumption of organic material, a liberation of carbon dioxide, 
and a consumption of oxygen. Photosynthesis is twenty or 
thirty times more active than respiration m most healthy gieen 
oigans exposed to bright light and supplied with sufficient 
caibon dioxide, so that these paits do not appeal 1 to lespire 
during the day-time, oi at least do not evolve any carbon 
dioxide In dorkness, however, it can be shown that they 
respue only, as is the case with roots and all other not-green 
parts m both light and darkness 


Photosynthesis. 

A feeding process, associated 
with building-up of plant’s sub- 
stanoe. 

Starch is (usually) formed 
Hunt gams in dry-weight 
Only (looms m light 

Only occurs in green plants and 
in green parts of plants 
Oaibon. dioxide passes in, oxy¬ 
gen passes out. 


Respiration. 

A breathing process, associated 
with breaking-down of substance. 

Carbon dioxide formed 

Plant loses m dry-weight. 

Ooouis in darkness as well as 
m bglit 

Oocurs in all plants and all 
parts (exoopt onaorobio Baotena). 

Oxygen passes m, oarbou di¬ 
oxide passes out. 
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241. The “Balance of Nature M —Animals and non-green plants 
aro all ultimately dependent upon gieen plants foi their oigamo food 
In ordei to obtain a sufficient supply of oneigy, without whioli life is 
impossible, the greater part of tins food is consumed m respiration, 
the oarbon being re-oxidised into caibon dioxide, wlnoh is ultimately 
again assimilated by green plants 

Tlie whole senes of these intei ohanges between the self-supporting 
(chloiophyllous plants and animals) and the dependent members (non- 
green plants ana animals) of the oigamo woild forms what is known 
us the “Balance of Nature ” If moie organio food beoomes available 
animals and non-green plants tend to increase, and lienee produce 
lurgei quantities (3 oaibon dioxide, wlnoh favours the development of 
green plants. The balance maintained between the processes of 
respiration (m all oigamsms) and photosynthesis (m gieen oigamsms) 
keeps the amount of oarbon dioxide in the an practically the same 


QUESTIONS ON CHAPTER VII 

] What is meant by lespuation m plants 9 Desonbe any aimtonucnl 
featiues m one of the higher plants winch are suited to facilitate the 
l espiratoi y pi ooesses 

2 How would you identify the gases of which the atmosphere is 
oomposed v Do you know how to detemiiue the proportion by \olume 
in whioli the two principal gases oxist 9 Which or the gases of the 
atmosphere are used by plants ? What differences m the constitution 
of the atmospheio do plants bnng about under different conditions 9 

3 Describe and explain the various methods with winch you aie 
acquainted by moans of whioli air can bo depnved of its oxygon 

4 What changes m the composition of the an are hi ought about 
(a) by gieen plants, (/j) by animals 9 At what stage of its life does a 
plant belmve m this lespeot like an animal’ Explain the phiaso 
“ balance of natiue ” 

5 Plants both absorb and give out oarbon dioxide State pieoisely 
the onoumstances upon which each process depends. 

6 Give an account of the procoss of Respiration, and sketch ap¬ 
paratus by which you can investigate the gaseous interchanges assnoi- 
atod with it What is the physiological importance of respiration ? 
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242. Transpiration.—Everyone knows that a leaf, plucked 
from a living plant, becomes dry and withered after a time. 
A Bean seedling becomes limp when pulled up and allowed 
to 41 wilt,” but recovers when set in water 

Have yon noticed that wherever plants are enclosed by 
glass— e.g m greenhouses, or beU-]ars covering plants— 
moisture often collects on the glass P Does this moisture 
come from the moist earth, or from the plants, or from both ? 
It is easy to show by experiment that a healthy and vigorous 
plant gives off water-vapour, winch escapes chiefly from the 
leaves This escape of water-vapour fiom a plant is called 
trimspiration , and the current of water which passes from 
roots to leaves is called the transpiration current . 

243. The Transpiration Current,—The amount of 
water conveyed upwards from the rootB to the leaves is 
often very great, the water flowing upwards at from 6 ms. to 
6 ft per hour in tiees (as much as 20 ft per hour m climbing 
plants with long slender stems, e.g cucumber) 

If the stem of a Yme or similar plant is cut in spring, 
large quantities of watery sap escape from the cut end 
attached to the roots, 1 and if a tube filled with mercury or 
water is attached to this cut end, by stout rubber tubing, 
the escaping sap may support a column of mercuiy several 
inches high, or one of water several feet in height. 

A Sunflower, 3J ft. high and with a surface of 5,600 square 
ins., has been found in summer to exhale a pint of water a day. 


1 This only takes plaoe when the plant is fully charged with water. 
Hence, in summer, no “bleeding” is shown, although if all the leaves 
are removed it may ooramenoe alter a longer or shorter interval. 
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winch, is about a cubic millimetre from each square inch. 
Excessive and unchecked transpiration is, however, highly 
dangerous, and hence arises the importance of an imperme¬ 
able cuticle, for it allows transpiration to be regulated by the 
opemng and olosmg of the stomates. 

The guard-cellB collapse and close the stomates m darkness, 
and also where there is a deficient supply of water, or when 
transpiration is too active. The leaf is unable to assimilate 
carbon dioxide in the absence of light, so that the stomates 
may close in darkness without detriment to the plant, and in 
this way unnecessary evaporation and its accompanying cool¬ 
ing effect are largely avoided. 

When the stomates close at night, water is still absorbed 


by the roots, and m this way a plant which has become waited 

on a hot day recovers its turgidity at night Drops of water 

may be forced out of the leaves, 

usually through special openings *^10^ 

(water-stomates) at the maigm of 

the leaf A water-s to mate has yfj 

two guard-cells, but these remain \ 

always apart, so that the stomate }' I A 

does not open and close like an 

ordinary stomate. Water-stomates 

occur at the ends of the bundles 

(on the teeth when the leaf-margin glands'—I 

is toothed—well seen in Fuchsia) - I 

and are connected with the bundle- H I 

endings by means of a mass of water "" g B^ M s 

glandular tissue (water-gland) In I I 

Saxifrages there are hairs close to I I 

the water-stomates, on which lime 


is deposited as the excreted water pig oo —Modo of demon Btvnt- 
evaporates In G-rasses the water wStoLfron^Leavol ° f mm 
escapes between the ridges of the 
leaf and, m seedlings at any rate, fiom the tip of the leaf. 


* (a) Cover various growing plants with a bell-jar overnight and look 
for water-dropB exoreted by the water-stomates The plants should be 
growing m pots, and the foil owing will usually give good results — 
Fuohsia, Tropaeolum, London Pride (a Saxifrage, with ohalk-glands). 
In a out twig of Cherry, set in water and kept under a bell-jar, drops 
of water are seen oozing from the glands on the leaf-stalk. 
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(b) Cover seedlings of Wheat oi Maize with a bell-jar, and note the 
exoretion of water from the tips of the young leaves 
# (<j) Fix a out pieoe of a Fuchsia into the short limb of a J-tube, as 
shown m Fig 60 Pour some water into the tube and then pour in 
meroury Drops of water are oaused to esoape from the “watei- 
glands ” on the teeth of the leaf-margin. A water-gland is a mass of 
tissue at the end of a vein, oommumoating with the water-stomates on 
the leaf-teeth. 

244. Transpiration Experiments.—Does the water- 
vapour escape from both, sides of a flat (bifacial) leaf to an 
equal extent ? Through what channels does it pass m the 
leaf ? Does the rate of transpiration vary, and what condi¬ 
tions cause it to vary ? What other questions regarding 
transpiration occur to you, and how would you attempt to 
get the plant to answer your questions ? 



# [a) Get tluee similar bottles full of water (Fig. 61, B, 0, D) Into one 
(D) place a leafy shoot, into the second (C) a shoot deprived of leaves, 
and leave the third (B) ob a control. See that the level of the water is 
the same in all tluee bottles at first; after some hours’ exposure to 
light oorupaie the amounts of water left m the bottles. Which loses 
most water, and whioh least ? 
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* ( b) Fix a long-stalked leaf (oi the upper pail of a Broad Bean or 
shoot, e y . Dead Nettle) m a card, passing the leui-stalk (or the stem) 
thiough a hole m the middle of the card and sealing it up wiLh putty or 
plasticine Plaoe several oaids, each with a loaf 01 shunt fixed into it, 
ovei tumblers neaily filled with water, and ovei each uf these tumblers 
invert a dry empty tumbler, resting on the oard Notioe the diops 
of watei foimed on the niside of each empty tumbler, by condensation 
of the water-vapour given oif by the leaves. Ascertain whothei any 
watei-vapour is given off when (1) the upper surface, (2) the lower sur¬ 
face, of the leaf is smeared with vasehue to blook the stomata 

• (cj) Get auy leaves with bioad, thin blades and fanly lung stalks— 
e.y Lesser Oelaudme, Gaidon Geiainum 1 Place them in bottles of 
led ink, with the out lower end of the stalk dipping into the ink, and 
note the coloration of the veins Cut a Grass shoot above the creeping 
stem, and tiy the same oxpoimienl, noticing the paiullul arrangement 
of the veuis, as indicated by the reel lines which appeal in the leavos in 
a day or two , a Maize oi Wheat seedling may bo used 

(d) The sucking foice exerted by the leaves can be demonstiuted by 
attaching a leafy Inanoh, out under water, to a tube filled with water 
and dipping into a coloured solution It will bo tumid that tho latter 
ascends the tube ovou when tho lattei is many feet in length 

Get a branch ot Willow m which tho young leaves have become fully 
expanded, and attach it by means ot a piece uf stout mdiauibbei 
tubing to a glass tube about 9ius long, with the end farthest from 
the Inaiioh bent at light angles foi about 2 ins, Ariangu the brunch 
vertically, the longer limb of the glass tube horizontally, and the shoit 
terminal part dipping into water tinged with led ink It is best to out 
the biauoli and attach the tubing under water in a largo basin, so os to 
prevent the entrance into the stem of air-bubbles, which would dimmish 
the flow of water Lift the glass tube out of the watei when the 
branoh is fixed up, and notioe that the coloured watei soon begins to 
travel along the horizontal tube This appuiatus may be used to 
loughly measure the rate of tho transpiration current. 

(1) Ascertain whether the flow is different on bright and on dull 
days, and (2) whether it is influenced by opemng door and window so 
as to cause a draught What is the effect of smearing the siufaces of 
the leaves with vaseline? On different branohes smeai (1) tho upper 
surfaces, (2) the lower surfaces, (3) both surfaces, of tho loaves, and 
note the rate of the transpiration ourient m each ease 

# (e) A useful pieeo of apparatus for observations on transpnation is 
the potometer. The essential pait of the appaiatus is tho potometer- 
tube (Pig 02 a), a straight tube (a) about hall an mob in diameter with 
a bent tube (/>) annealed to it about half way- The object of the 
branohed tube is to prevent the accumulation of air-bubbles below the 
out end of the shoot at a. Any air-bubbles paBsmg up the narrow 


1 In winter the long-stalked heart-shaped leaves of Garlio Mustard 
are very useful for experiments on transpiration. In spring use leaves 
of LeBser Celandine or Violet, 

B. u\ M. 12 
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tube (msertedtliroiigU a ouikat the lowei end of tho straight limb) vrill 
usually collect at b t and the coik at b is then lumoved mid water 
poured in If an collects at a, simply turn the apparatus m that tlm 
stiftight hmb hos hoiizontally above the side-limb, when the an passes 
up to a 

(/) Fix up tho apparatus Bliown m Fij' b‘2 «, and take icudmgH as in 
the preceding experiment From tho inside diftinotor of thonaimw 
tube you can easily calculato tho volume of watoi smoked along in a 
given time by reading fiom tho oardboaid scale and multiply mg tlm 
tube-diameter by itself, by 0 8 (stuctly 0 785), and by the length 



{(j) Fig 62 a shows an improvement on tho ordinary potomuLor, eon 
Bisting of a funnel connected with tho potomotoi-tube bv a piece of 
rubber tubing A dip is kept on the lattor, tho funnel tilled with 
water, and water passed into the potomotei-tube, when roipiirod, by 
releasing the dip 
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* [li) For experiments with small plants [e y. Bean seedling) or even 
single leaves, the apparatus sketched in Fig 61 \ is convenient The 
rate of flow ib louglily measured by the papor scale fasLoncd to the 
long hoinsontal lube, ooie must be Lakon to make the coik and the 
joinings of plant and tube with it an-tight by using plasticine or wav 
This apparatus has, of oourse, the disadvantage tliat air-bubbles collect 
below the out end of the plant and stop the water oiuient, henoe it is 
not so convenient to use as the potometer. 

(a) By the aid of a simple pieoo of appaiatus 
(Fig 63) and a weighing balance, the amount of 
water lost by a leafy stem oan be determined, 
and at the same time it oan be proved that the 
amount transpired is appioximately the same as 
that absoibod by the roots A plant is fixed by 
means of an air-tight liichaiubber cork in a bottle 
filled with water. As water evaporates from the 
loaves and is absoibed by the roots, the level ot 
the water in the graduated tube falls. This 
gives tho amount absorbed by the loots, and on 
weighing tho apparatus it will bo found to cone- 
spond to tho total amount lost by evapoiation 
from tho leaves and stem. 

Each of the laigei divisions on the giaduated 
lube couospontls to a cubio centimetre of water, 
so that when the loots have absorbed that amount 
tho on til o apparatus will have lost about one 
gramme m weight Tho veitical tube attached 
to tho sido of tho vessel, if not graduated by 
engraved linos, may have a soalo diawn on a 
narrow strip of paper and fixed to it Tho 
divisions should represent definite volumes, such 
as cubio centimetres. Fill the vessel with water, 
replaoo tho stopper firmly, and set aside foi 
observation The volume of water becomes less, 
and tho amount of loss may be seen by observing 
the scale Enter in a book the amount of loss in 
equal mtorvals of time, and note that it is less w u3 __Apmmtus fui 
during darkness than in the light, and also tliat titiwatingUia Absoii> 
lt varies with atmosphorio conditions. tlon of WufcoL hy tho 

Roots, and tho Loss 

(j ) Fix a Wallflower or large Bean seedling m hr ^anqil»tion£nim 
the apparatus shown in Fig 63, and determine 10 L ' eavoa * 
the amount of watoi lost under the optimal 
conditions (t.e. in a warm, airy, well-illummated room), either by weigh¬ 
ing at intervals, or by watching tho attached register. Then remove 
all the leaves and cut out twice then area in tlnok note-paper, to which 
add a pieoo tho same length as tho Btom and three times its breadth. 
Weigh all tho pieoos of papei together, and also a piece a foot squaie. 
The former weight divided by the latter will give the approximate sur¬ 
face area of the plant in square feet. From these data the average 
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ojiimmL ot Watoi ovapoiuled xu a given time from a Bquaro inch of siu- 
faco can be uuluulibtud. 

* (t) Another method in tu uae a small plant, e y a garden Ueiamum, 
growing m a tm titled with a split ooik through whioh posses a tube 
fui woU'Uiig Make water-tight with plasticine, and note the loss of 
■weight pel beside tlio plant a vessel, e y a saucoi containing water, 
and m uului lu oumpaits the loss of water from tlie plant and fiom on 
e<pml aiva of water determine tlie area of the transpiring surface and 
Hint ol the water iu tlio saucer. 

* (/} JJul tin oe healthy leaves of Indiarubber plant 01 of Rhododendiun, 
plug the out ends with idoBtiome, oover the Iowa Burfaoo of one (a) 
with vaseline, oover tlie uppei surface of the second leaf (u) with vaae- 
hno, and leave the third (c) untouohed except foi tlio ping ovei tlio cut 
out! Tto a puauu of wire or string to each leaf, weigh each leaf ouie 
Uilly, then liang them up near each other and weigh them each day 
Alter several days the loaf whose stomates are blocked (a) will be still 
green mill irosh, while the others will be more or less witherod and 
brown. 

* (wi) tint sumo cobalt chloride (nitrate 01 Bulpliate), make a solution 
(about r> per cent ) in water, and soak some filter-papers 01 sheets 
of thin blolLmg-papoi m the solution. Dry the papeis, and observe 
that they turn blue. Put a chop of water on one of the dnod papers, 
ui simply breathe on it, and notioe the change m colour These coball- 
juipcrH uttord a doliuuto test for w&ter-vapoui. Place a thm leaf 
between two cobalt papers, and keep them flat by placing between two 
diy piuouN of glass. Notice which surface of the leaf gives off most 
watci-vapour, an shown by the change of ooloui. 

{?/) r l'hu eobnll-paper method enables us to tell whebhei tlio Htomatos 
mo upon or closed. Put two plants (e g Bioad Bean seedlings) m 
duiiuiuHs mill in the morning expose one (A) to light for about an liouv, 
keeping the otlioi (li) m the dark. Remove and test simultaneously u 
leaf ui a few leaves fiom each plant, noting the time taken foi the 

K m con tact with thoir lower suifaoes to tiun pink , there should 
ecu led diiloLenoo between A and B 
(o) Out oir a leaf (c ,g. Tropaeolum) and let it lie on the table until 
if luta bonuiue limp (not long enough to let it get dried up). Then out 
off a froHli loaf, put the two leaves (each with lower side upwards) 
below a cobalt paper Whioli leaf, the fiesh or the wilted, reddens tlie 
paper? The uxpeiimonl shows that the stomates olose when the leaf 
withers. 

(^) ftmuo evaporation anuses cooling (Art 86), there must be a dif- 
foiunou in temperature between a fresh leaf (with stomates open) and 
a willi'd loaf (stomatoB closed). Wrap and tie round the bulb of a 
Ihoimomotisr (1) a leaf cut fiom a Tiopaeolum, (2) a leaf still attached 
to the plant {oxxHised to light), and note the readings of the two tlier- 
imimoleirt. When the out leaf has wilted, its temperature will have 
risen (Homutimoa vm much as 5°C } Repeat the experiment, keeping 
tlio luaVi'H in darhirtm ; the temperature of the two leaves lemain pr&o- 
ticidly the hiuiig (why Y). 
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( q ) That salt-solution causes the Btomates to olose may he shown, 
without using the miorosoopo, by means of cobalt-papoi Water a 
Bean or other seedling in a pot with 0 5 per oent solution of common 
Balt (1 gramme of salt m 209 o os. of water) for a few days. Test with 
cobalt papei leaves from this seedling (A) and leaves from a seedling 
(B) watered in the ordinary way The leaves of A redden the paper 
niuoli more slowly than those of B. Why is it that a weak salt-solution 
aotuolly keeps out or dug-up plants fresh ’ Plants sent by post will 
wilt niuoli less if sprinkled with a weak solution of salt 

245. How Leaves are Protected.—We shall see later 
that young leaves nearly always have some mode of protec¬ 
tion against loss of water, they are often coveied with hairs, 
which may disappear as the leaf grows to its full size, or 
they may be bathed in a gummy or resinous liquid, or they 
may be rolled or folded up at fust. These protective arrange¬ 
ments aie especially necessary when the leaf is young and its 
tissues tender and liable to lose water readily, or to be injured 
by stiong bght or by cold. 

In many plants the mature leaves show similar protective 
arrangements, which are especially marked m plants which 
glow in places where they are exposed to strong light., to 
drying winds, cold, and other injurious conditions, such as 
a scanty or precarious supply of water Most evergieen 
plants have a thick cuticle, or a layer of clear cells below the 
upper epidermis, and the stomates are ofteu sunk below 
the level of the epidermis. Transpiration is also diminished 
by the rolling up of the leaf (Heather, etc.), and by a thick 
covering of hairs (Woolly Mullein, etc). 

It is easy to show that a dense covering of hairs checks the 
rate of tianspiration,by using the apparatus shown in Fig Cl 
or Fig 62, after fastening to each leaf a piece of cotton-wool 
so as to cover the lower surface of the leaf, or bo Mi surfaces, 
and noting the effect this has on the rate at which the leaves 
give off water-vapour. 

The effect of rolling can be obsorved by folding the leaf or 
rolling it up longitudinally to form a tube with the lower 
epidermis on the mside and tying it with thread, and noting 
the reduced rale of transpiration 

Many leaves also have their surface covered with waxy 
matter or “ bloom,” so that they are not wetted by ram. 
This is well shown by the Broad Bean, Tropaeolimi, Cabbage, 
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Lupin, and many other plants The “ bloom ” not only prevent? 
water from entering the leaf and blocking up the an-spaces 
but also helps m reducing transpiration, if the “ bloom ” it 
removed from an Indiarubber Plant leaf by sponging its hui* 
face with warm water, the leaf will lose more water than om 
with the bloom untouched (try this experiment) 


QUESTIONS ON CHAPTER VIII 

1. Describe simple experiments which show through wliftL pari ot 
the stem water ascends How would you arrange an experiment ti 
show the relation betwoen the volumes of water ahHoibod and given oii' 

2 Desoiibo some ways by winch you oould demonstrate that liu\os 
give oft water vapour. How do external conditions alluct the inngni 
tude of this process ? What ih the significance of it m the life of the 
plant ’ 

3 Give an account of the process of tianspiration By what meant- 
does the plant legulate its tianspiration 9 

4 If on a warm sunny day a plant growing m a pot had hcoonu 
lnnp and “wilted,” how could you restoie it to its normal condition 
without watering it m any way ? 

5 Why does the inside of a Cabbage consist of lighter-coloured, 
tluokei, and more succulent leaves than the out-side*' 

6 Explain why it is that plants droop on a hot day, and rooovei 
their freshness in the evening 

7 Desonbe experiments you have made on Transpiration, and 
explain how the iate of tianspiration is affected nuclei dilioient 
conditions 

S How does a plant dispose of the wator which it absorlw from the 
soil 9 Descube any arrangements witli winch you are acquainted for 
regulating the quantity of watei in a plant 

9 Indicate the piobable piesenoo or absence of Respiration, Trans¬ 
piration, and Photos} 7 !! thesis m the green and win to pui Is, i OHnuntn oly, 
of the vanegated leaf of a plant under normal conditions, («) in tlio 
da^ime, (i) at night Give brief reasons fm ymu unsworn, 

10 Mention all the gases given off by a foliage leaf under different 
conditions Explain bnefly how } on would den must rate by experiment 
the evolution ot these gases; and give an account of the processes 
leading up to then formation. 
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11 Explain, so far as you oan, exactly how plants grown m pots m 
sitting-rooms are affected by draughts, by burning gas, by one-sided 
illumination, by the diffoient aspects of windows, by a drv atmosphere, 
by mjudioious watering, and by other conditions to which they are 
likely to be exposed 

12 Desonbe carefully, with illustrative diagrams, two methods of 
finding out winch side of an ordinary doisivential folmge-leaf gives off 
more water vapour To wlmt structural features and to what biological 
advantage ir tiro obsorved difference related 9 

13 What would be the result of smearing both surfaces of all the 
leaves of a plant with vaseline or other gieasy Bubstance ? How would 
you determine experimentally the effeots so brought about 9 

14 What are the “ veins ” of a loaf 9 What are their uses ? How 
would you show, by experiment, the correctness of your statements ? 

15 If yon take two similar open vessels full of water, and plnoo a 
leafy shoot with its out end in one, from wlnoh will the water disappear 
inoie rapidly? Explain, as fully os you oan, tho leason foi the 
observed rosult, and the nature of tho piooesseB involved 

16 Explain why it is that a shoot which is out off fiom a plant 
begins to withor and dioop, How oan this be prevented ? How oau a 
flagging branch be lovivea 9 

17 What purposes are served by tho prooess of transpiration ? 
Under what conditions is this prooeRH accelerated and retarded 9 

18 A green plant is in ordinary life continually giving off water 
Explain how this is effected, and what is its piuposo How is the 
prooess affected by changes in tho an and in tho soil ? 

19 How would you prove (1) tho nature of the gas giveu off by a 
green plant in sunlight, (2) tho natiue of the gas given off by a green 
plant in the dark, (3) tho natuio of tho liquid deposited 011 the inBide 
of a bell-jar covering a growing plant 9 Give* an account of tho pio- 
eosHOH leading to the formation of the liquid 
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THE GENERAL CHARACTERS OF FOLIAGE- 
LEAVES. 

246, Summary of Chief Functions of the Gree 
Leaf.—These functions may be thus briefly summarised — 

(1) Leaves are the respiratory organs of the plant, sine 
they allow a free exchange of gases with the atmosphere b 
means of their stomates 

(2) The chlorophyll of the leaf, which, as we have provec 
is itself formed only under the influence of light, has th 
power, under this same influence, of decomposing the carbo 
dioxide of the atmosphere, and of building up with ti 
carbon so obtained, together with the dissolved inmerf 
substances absorbed by the roots from the soil, the suga 
starch, and other organic compounds of the plant Some c 
the material thus formed m the leaves is transmitted to th 
stem and root in a soluble state, and often stoied in thes 
organs in large quantities 

(3) Watei absorbed by the roots passes up the stem t. 
the leaves, where a large proportion of it is lost by evaporatio 
through the stomates Water lost by evaporation m thi 
way is being continually replenished by the roots, and thu 
there is a steady upward cunent by means of winch ne^ 
mineral matter is constantly supplied The stomates ar 
reduced in size by the collapse of the guard-cells whe] 
transpn*ation is too active, and when the water supply i] 
the soil is deficient They also close m darkness, when m 
carbon assimilation can take place; and by so doing they alsi 
prevent the plant from becoming too cola, for evaporation i 
always accompanied by a reduction m temperature. 

The leaf primarily acts as an oigan for absorbing radian 
energy, and storing it up as potential energy m the form o 
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food It also promotes gaseous exchange m general, and 
usually forms the main transpiring surface, although trans¬ 
piration, like respiration, is one of its subsidiary functions. 

247. Adaptation of the Green Leaf to its Functions. 

—It is interesting to note liow the structure of the ordinary 
bifacial type of foliage-leaf is adapted for its work 

Its flattened form and its position aie the most favourable 
for absoibing carbon dioxide and for catching light The 
epidermis and cuticle pievent excessive evaporation, besides 
acting as a screen against undue heating and other ill-effects 
of strong light Both palisade and spongy mesopliyll cells, 
containing numerous ddoroplasts, are adapted for assimila¬ 
tion. The palisade tissue is adapted to protect the chloro- 
plasts from the effects of too blight light, when the light is 
diffused, the plastids are arranged chiefly along the upper 
and lower walls of the columnar palisade cells, but in strong 
light the protoplasm moves m such a way as to arrange 
chloroplasts along the side-walls of the cells with their edges 
(the chloroplasts are disc-shaped) presented to the light The 
spongy-tissue, with numerous air-spaces communicating with 
the atmosphere by means of the stomates, is equipped for 
carrying on the gaseous exchanges concerned in respiration, 
photosynthesis, and transpiration 

The spieadmg veins, the larger ones projecting on the 
lower side of the leaf, while the smaller ones run between the 
palisade and spongy mesophyll, cany water (with dissolved 
salts) to the mesophyll cells and elaborated food (sugar, etc ) 
from them 1 The mesophyll cells are arranged more or Iobs 
definitely in groups extending from the epidermis to the 
veins. This is clearly seen in most leaves with well-marked 
palisade mesophyll, the cellB of the latter being arranged in n, 
fan-like manner as seen in vertical section (see Pig 54), and 
the cells which converge towards the veins have been called 
“ collecting ” or “ converging ” cells. The veins also sei ve in 
the best way to support the leaf; the loiger veins have bands or 
cords of hard fibrous tissue below or above, or in both positions 


1 The water, with dissolved salts, travels in the vesHela of the wood, 
the dissolved sugar in the long cells of the bundle-sheath, and the 
proteids in the sieve-tubes of the hast. 
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248 Forms of Leaves —Before quitting the study of loaves wo 
muat observe a number of them general oliavaoters-then- variety of 
form, arrangement of veins, eto In ordei to do this ye shall have to 
examine a considerable number, and to this end the student should take 
country rambles, supplied with a book for notes and Bketohes, and a 
lens The following msti uotione must be aooepted os merely suggosfcivo, 
and by no means exhaustive 

A typical leaf oonsists of a basal more or less sheathing poitmn, 
called the leaf-sheath or leaf-base, a stalk oi petiole, and a flattened 
teiminftl portion, the blade or lamina The leaf-sheath is usually 
simply the flattened basal portion of the petiole, but in mast grosses it 
ifl]of considerable size, and ensheathes the stem for some distance al>o\o 
the node from wlnoli it arises 

A sheathing leaf-base is frequently absent, but is especially woll 
developed in such plants as Buttercups, Grasses, Docks, Umbollifors 
The mode of insertion of different leaves exhibits a wide range of 
variation, but they always anse from the shoot 01 its bianolusH. 
The pu-oalled “radical” leaves simply arise fiom a very short, 
stem (Prnniose, Dandelion) In some oases the Ihiso of the leaf 
is deenuevt, and forms membranous outgrowths on tho mam axis, 
while it may even unite around tho stem so as to foiui a pu foliate 

leaf , _ _ , 

Occasionally the leaf-base liecomes thick and fleHliy, and forms an 

irritable organ or organ of move¬ 
ment known as tho pidvmun, which 
reacts to light in ruoIl a manner as 
to place the lamina under tho best 
possible conditions of illumination 
This is possiblo owing to tho fact 
that the pulvmus retains tho power 
oF growth foi some time after that 
of the lest of the loaf lias ceased, as 
oan easily bo observed by watching 
Kidney Beans and altering the posi¬ 
tion of the stem from time to time. 

In some plants the pulvmns ig- 
sponds quite rapidly to changes in 
the direotion and intensity of the 
light Thus tho compound loaf of 
the Sensitive Plant (Pig. G4) places 
itself at right angles to tho light 
falling upon it. Booh leaflet, how¬ 
ever, lias a pulvmus of its own, 
and when the leaf is exposed to 
strong sunlight these pulvnu curve 
in suoli a manner as to oauso tho 
leaflets to fold together in a few minutes, before they have time to be 
injuriously affected At night, also, t.ho leaflets fold together and go 
to sleep, as it were, while the whole leaf Rinks dowmvauls. In tins 
position the leaf loses less water by evaporation, and roman is warmer 



Fig Ii4 — I,wives of Mimosa Pmlicn (the 
Naim!the Plant) 

u, FTpnnrled day position , h, Dumping 
folded night position 
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than it would he if expanded. The first movement is due to the action 
of strong light, the second to the absenoe of light, and their impoitunce 
and utility to the plant are sufficiently obvious. 


249. Stipules. —Very commonly wing-hke outgrowths arise from 
the base of the petiole, and frequently these simply assume the form 
of lateral outgrowths of the leaf-base The organs m question are known 
as stipules, although they cannot always ho sharply defined The 
stipules vary much in size, form, and colour When they are quite 
small, dry, pale, and membranous they are usually funotionless, but 
frequently the} form large coloured protective bud-soales (Magnolia, 
Fig, Beech), and fall when the leaves unfold In the False Aoaoia 
[Pobima) the stipules are metamorphosed into spines, and in Smilax 
they become tendrils In some Peas they are large and green, and 
take the place and function of the foliage-leaves, wluoh are modified 
into tendrils 

Stipules are often relatively large while the leaf is young, and m such 
oases they sei vo as a protection to the young buds or young foliage, 
fioquently falling off as the leaf expands Wien, piosent upon adult 
loaves, the stipules aid in the piocluetion of organic food if they are 
green, and they may also help to lead away ram-watei fioin the plant 
bo that it can diy lapidly, 01 to dueefc the water to those regions of the 
soil whoio the absorptive oigans (root-hairs) are most abundant. 

In the Rhubaib family (Polygonaceae) the two stipules join to foim 
a tube (ooliroa) enclosing the Btem for a short distanoe above its junotion 
with the leaf The basal poition of a Glass leaf ensheathes the stem foi 
Home distance, and just between the stem and the base of the free portion 
of the leaf there is a small orescontio soale on the upper surface of the 
lattoi. Tins soale is termed the liyide. 


250. Petiole. —Note that while some leaves have a distinct stalk 
(petiole), in others the lannna extends clown Lo the stem of the plant. 
The lattoi aie called rvmiIc leaiw 

The petiole ir usually directly prolonged into the lamina as the micl- 
nl), hub m the Garden Nastmtuim [Tropacolum) and m the Pennywort 
[Cotyledon) the stalk is attached to the middle of the under-surface 
(peltate leaf) A transition stage is shown by the leaves of the Water 
Lily The petiole may bo winged, and it is usually cylmdnaal or senn- 
oylindnoal, being frequently flat or even grooved on the upper Biu-face. 

The petiole is a special secondary structure devolopecl in order to 
enable the lamina to expose itself to suitable illumination, and it is not 
always present It contains Btionds of vascular tissue, which are con¬ 
tinued into the lamina as the branching veins of the leaf There is 
usually a laigo median vein, lying above a prominent midrib, although 
m otb qi cuhoh a number of veins of equal sizo cuter the leaf fiom the 
petiole In Gaulon Nastiutium ( T-ro)xiPolum) and Clematis the petiole 
imh the povoi of coiling around supports, and hence it nets as a tendril 
in Npite ut the presence ol the lamina oi blade. 
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251. Veins. —The veins are simply oonduoting bundles win oh run 
outwards from tlie stem into each, leaf, and undergo considerable 
branching throughout the substanoe of the lamina The larger veins 
usually project as ridges on the under-surface, but the smaller veinlets 
are buned in the tissue of the leaf The arrangement of the smaller 
veinlets and the number of the larger veins differ m different leaves 
This is what is termed the venation of the leaf. 

Note that the leaves of all grasses, orchids, flags, wild hyacinths, 
and daffodils have all their principal veins running parallel through the 
entire length, and that these leaves are more or less elongated and 
blade-like. The leaves of most of our trees and herbs, however, havo 
their pnnoipal veins bronchmg off from the midrib on either side, 
while the smaller ones form a delicate network such an we observed 
m the bean leaf The former arrangement {parallel venation) is 
characteristic of Monocotyledons, the latter {reticulate venation) of 
Dicotyledons (but also found m some Monocotyledons, e.g Arum, 
Block Bryony) 

If leaves are allowed to decay m water until the softer parts can bo 
brushed away, skeletons of the harder parts can be obtained whioli 
directly exhibit the venation, but m most oases it is sufficient to hold 
up the leaf to the light to render the smaller veins plainly visible. 

252. Simple and Compound Leaves.— Some leaves are simple; 
that is, their flat part or blade (lamina) is not divided into distinct 
portions, though they may be very deeply divided Such is the oase 
with the leaves of the Oak, Hazel, Ivy, Dandelion, eto These simple 
leaves exhibit a great variety of form, and the student should make a 
senes of drawings illustrating the moie typical shapes 

In compound leaves, of winch we have already seen an example m 
the Bean, the blade is divided into distinct paits called leaflets, wlnoh 
may be arranged in opposite pairs along the central stalk as m Rose, or 
may all radiate from one point of the stalk as in Horse Chestnut 

The outline of the lamina assumes a great variety of forms, and 
special teohmoal terms are given to the more strongly marked and 
more commonly oocumng or these. All gradations exist betwoen 
leaves of widely different shape, and since no general principles are 
involved in the application of these terms, they need not be discussed 
here The following list includes the commonest shapes •— 

(1) Blade broadest near the base— e g cordate (heart-shaped), 
sagittate (arrow-head-sliaped), reniform (kidney-shaped), ovate 
(egg-aliaped), lanceolate (lanoe-heod-shaped, much longer than broad, 
tapering to pointed tip) 

(2) Blade broadest near the tip —c g ohoordate, obovate, 
oblanceolate (outline as m cordate, ovate, and lanoeolate, but with 
the nanow end at the base), spathulate (spoon-shaped, e g Daisy), 

(3) Blade as broad in the middle as anywhere else — e.g long 
narrow forms, os aoioular (needle-shaped), linear (long and narrow, 
with parallel margins), cylindrical ; and rounded forms, as orbicular 
(oirouW), elliptical, oval, peltate (shiold-like, blade nearly oiroular, 
but with static near the middle of lower smfaoe) 
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Next observe the different kinds oi margins of the bludos Some 
are oven or entire , while others have sharp teeth which usually point 
towards the tip of tlio blade and reaoinblo tho tooth of a sawf (serrate 
loaves), 01 have roimded teeth 
(uenale loaves) Note also the 
liany ( abate ) maigm of the Beech 
leaf, the wavy 01 sinuate margin 
of tlio Oak, the irregularly toothed 
edge of the Dandelion, the spiny 
margin of tho Holly, and vanouB 
othoi modifications of leaf mar¬ 
gins, all of winch should bo diawn 
from nature 

Very frequently the maigm of 
the loaf is deeply indented, and 
if tho indentations aie rogulaily 
ailonged, and aie so deep as to 
reach the midrib, a oorupound 
leaf composed of a senes of leaflets 
is pioduood This will be pinnate ^uto and rinnafcu Venation rt»i>cutIvDiy 
oi palmate , according to tho ar¬ 
rangement of the mam veins (Fig. 65), foi the moisions will natuially 
fall between these 

Compaio the simple leaves of the Ivy and the Beeoh, both of 
which are of tho net-vumed typo, Note that in tho ioimer the 
pimoipal veins all radiate from one point at the base, while m 
the latter they branch off fiom the nndnb almost tlnougliout its 
length Now smoe a compound leaf is pioduood by the division 
of the lamina between the principal veins, it is easy to see that the 
formor, so divided, woidd pioduce a oompound leaf with radiatmg 
leaflets Such an aiiangement of vems is termed palmate venation, 
and the leavos, both simple and oompound, moie oi less divided m 
this fashion, are called palmate leaves The ariangement of veins in 
the second instance is called pinnate venation , and by the incision of 
tho lamina a pinnate leaf is pioduood, whioh, in the case of the com¬ 
pound loaf, would have opposite leaflets. 

A compound leaf is easily distinguished, even by beginners, from 
a branch bearing leaves because of the absence of any apical bud or 
growing point, and by tho faot that a bud ooouis in the axil of the 
mam petiole, wlioieas there aie no buds m tho axils of tho leaflets. 

253 Leaf-Arrangement. —Observations should also be made of 
tho different ways in which the leaves are ananged on tho atom. 
There aie two ways in whioh leaves are ai ranged —alternate (one leaf 
arising at each “node,” % e the leavos ooming off singly from the stem) 
and ivlmled (two leaves, larely more, ansing at each node) 

The simplest type of alternate unangemont is that seen in the 
Broad Bean and in Grasses, where the leaves oomo off alternately from 
opposite sides of the stem, so as to form two rows; this is called tlie * 
arrangement, because each leaf is separated from tho next above and 


PALMATE 



Fig (i5 — Funnn-tion of Palmate and Pin¬ 
nate Oomiiound Leavos by tlio gradually 
inoruasing incision of Lnminas with Pal- 
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below it by one-half the oirounifeienoe of tlie ateni The next anange- 
merit (|) is soen in young shoots of HuJielj whom tlio leaves uie m 
thee rows Alternate leaves obviously form a »pital s tlio naturo oi 
which may bo easily determined by tying a pieoe of aotton to the base 
of a leaf, and car lying it in oidei to the bases of the leaves above, 
twisting it mound eaoli one. 8impose, for mstanoo, we do this in tlio 
case of a young shoot of tlio Hazel, wo find that eaoli leaf ia one-third 
loiind the atom oa compared with the one holow it, and consequently 
the fomtli leaf is vertically above the first, being the starting-leaf of a 
second turn of the spiral 

One of the commonest spiral or alternate airaugemonts is the seen 
m Wallflower, Oak, and many other plants; hero the sixth leaf is 
above the first and the spual goes twice round the stem in passing 
from, the first leaf to the sixth Another fanly common spiral is tlio 
f, seen in Daisy, Plantains, etc Do you notion how those commoner 
spiral airangements are related to eaoli other 9 

When leaves are arianged in pairs, the two leavos being on opposite 
sides of the “node,” each pair is usually set at right angles to the pair 
above and the pair below That is, the leaves are m foiu lows, the 
pairs being crossed. This decussate airangement is very common, e y 
Nettles, Labiates, Sunflower, Sycamore, Ash, Liluo, Horse Chestnut, 
Campions, Stitohworts, duckweeds Comparatively few plants have 
three or moie leaves m a whoil or cnole at eaoli “ nude ” , this is seen 
m Moie’s-tail {Jftppiiria) and m Heaths. The leaves are apparently m 
whorls in Goosegrass and Bedstraws, but only two of the oi gu-ns in each 
airole are true leaves (how oon you tell tins 9 ). 

254, Leaf-Mosaics. —Instead of giving further details 
hereabout the various modes of arrangement oi leaves on the 
stem, we mil call attention to the reasons why leaves have 
such vaiied arrangements and shapes It is not always easy 
to explain the diffeient foims of leaves in different plants, but 
some general principles con be inferred, by remembering tlio 
functuyns carried on by leaves while studying theii form and 
structure The mam fact to remember is that leaves re¬ 
quire to catch as much sunlight as possible, especially m a 
country like ours, where the number of hours of sunshine is 
rather scanty The south coast of England only gets about 
1,600 hours of sunshine annually, and m the rest of Britain 
the number is usually far below this 

A leaf which leceives very little light or no light at all 
during its development grows feebly, and cannot, of course, 
cany on carbon-assimilation. Moreover, when a leaf is 
shaded by another leaf being placed between it and the light, 
very little assimilation occurs. Hence we find that m many 
plants the leaves tend to fit together like the bits of glass in a 
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mosaic or the tiles in a pavement, so as to avoid shading each 
oilier and to lose as little sunlight as possible This tendency 
is easily seen m (1) plants whose leaves are ciowded together 
and form a losette close to the giound —eg Daisy, Hawk- 
weed, Plantain, London Pnde , (2) many plants withwhorled 
leaves— e.g Woodruff; (3) twigs of many tiees —e g Hoise 
Chestnut, JBeech, Elm, Lime , (4) twigs of plants which creep 
along a wall or bank —eg Ivy. In Labiates (eg. Dead- 
Nettle) and Stinging-Nettles the lower leaves have broader 
blades and longer stalks than the uppei ones 

Even when the “mosaic” tendency is not at first glance 
apparent, caieful study ot the plant in its habitat , or home, 
will often show adaptations for efficient light-catching It 
must, of course, be remembered that the strongest light does 
not, m this countiy, come from dnectly above, but at an 
angle, even when plants are growing on level ground. In 
studying the plants dealt with m the later chapters of this 
book, you should notice and try to account for the position, 
stalk-length, shape of blade, and other arrangements of the 
leaves, lemembonng that, besides the tendency to catch as 
much Light as possible, the forms of leaves aie often influenced 
by other causes —e g the necessity to withstand high winds, 
to carry away ram which falls on the blade, to catch the light 
when growing m dense masses {eg grasses and plants grow¬ 
ing among them m fields). 

This interesting subject can only be studied by personal 
obseivation , any field, wood, hedgerow, oi garden will afford 
abundant material to illustrate the points here mentioned, 
and to show how the arrangement and shapes of leaves help 
plants in the stiuggle for light and an, which is keenest 
wheie plants are glowing m crowded fields or hedge-rows. 

255. Decay and Pall of the Leaf.—Leaves which fall 
before the vegetative season is ovei are caducous , deciduous , 
if they fall at the end of each season, as in most cases of our 
forest trees, persistent, if they remain on the plant for more 
than one season, as in evergreens The leaves of such plants 
as Grasses, Lilies, Inses, etc, sunply wither on the stem, but 
m most trees the fall of the leaf at the end of the vegetative 
season is bi ought about by the plant itself. When the 
activity of such leaves is nearly ovei, and they liave been 
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partly emptied of tlie food-substances they contain, a layer of 
cork-tissue forms across tlie base of the leaf, and by mtor- 

E osmg an impermeable layer between leaf and stem, cuts ofi! 
:om the former all supplies of water and mineral salts 
The exact structure and development of this absciss-layer 
cannot be fully gone mto here, but what occurs m tlie actual 
“ fall ” of the leaf is the splitting of this layer m such a way 
that the leaf only hangs on by the veins which pass from it 
mto the stem, and then these snap, leaving the scar of 
attachment of the leaf already healed and covered witli cork. 
The piocess is a vital one due to the activity of the living 
plant, for if a branch is killed by means of hot water the 
leaves wither upon it without being shed. On the other hand, 
leaves can be made to “ fall 55 m^ummer by wrapping them in 
a damp cloth 

Whenever the plant requires to throw oif certain organs at 
a definite time (petals and other floial parts aftei fertilisa¬ 
tion ; fmits and seeds when ripened) it generally makes use 
of sinulai absciss-layeis. 


QUESTIONS ON CHAPTER IX. 

1 What do you oonsulei tho essential olmiootois ul tho fuliagu- 
leaves of a green plant, i e tlie cliaraotois m -winch all oi nearly all 
leaves you know agiee 9 How are those features of leaves of boi v ioo 
to the plant 9 

2. Mention the different forms which may be assumed by tho 
stipules of plants Give one oxamplo of such, and state tho special 
use of the stipules in eaoli case. 

3 How are the leaves arrayed on the twigs of a Horse CheBtnut (or 
a Sycamore) 9 Point out any Bpeoial adaptations wluoh hung about 
the full exposure of the leaves to tho light 

4- How would you distinguish a compound leaf («) from a simplo 
leaf, ( b ) from a branoh bearing leaves ? 

5. Mention some loaves which show movements Of what use ore 
the movements to the plant ? 



CHAPTER X. 


ROOTS AND THEIR WORK 

256. The Wort of the Roo-t—We liave seen that 
ordinary roots have two main functions—fixation and absorp¬ 
tion Since they have no chlorophyll, they cannot make 
organic food for themselves, and must therefore be supplied 
with such food by the assimilating organs 

We have studied m some detail the current of water, with 
dissolved salts, which passes upwards from roots to leaves 
How is this tianspnation cm rent set up and maintained? 
What part does the root play m the process ? These ques¬ 
tions aie by no means so easy to answer as one might 
suppose 

257- Root-Pressure.—In the first place the evaporation 
from the leaves tends to suck fresh supplies upwards to re¬ 
place that removed by the an m the form of watei-vapour, 
and m the second place the roots and stem seem to exer¬ 
cise a pushing force (root-pressure), driving watei upwards 
Expei nnents with leaves or shoots cut off and set m water 
piove that the leaves draw water upwards How can we 
find out whether water is fotced upwards by the loot ? 

* [a) Choose a hoaltliy Bean seedling glowing m soil m a pot, and out 
across its Btem about 3 ms above the soil Tie a bit of Btout rubber 
tubing, a few luolies long, on the stump, and fill this tube with water, 
then tie into the lubber tube a glass tube of fine bore {oapillory tubmg) 
Support the glass tube horizon tally by means of a cleft stiok , squeeze 
the rubboi tube so os to force some water out of the ond of the glass 
tube and absorb it with blotting-paper, then release the rubber tube so 
that air is drawn into the gloss tube Watoh the advance of the water 
(which should be coloured with red mk) along the glass tube Try this 
experiment with vigorous plants of various kinds growing m pots. 

B F. M. 193 13 
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(6) Out off the stem olose to the giound, and connect the stump it 
long, straight piece of glass tubing, lash this tube to a stick placed 
the soil, pour a little water into it, then a drop of oil, win oh will 11 o 
on the water and pi event evaporation Measure the ascent <if t 
water in the tube, and find out how the late is affected lu tompcmtiu 


258. Boot-Hairs aie developed on roots a, short disdain 

behind the i oot- cap Tilt 
soon die away from t.l 
older parts of the roo 
They come into very cl of 
contact with 1 lie earth 
pai tides, so that, who 
the root of a seedling ] 
lifted from the soil a poi 
tion of the hitter adhere 
wherever root-lmirs ai 
present (Pig 66), but nc 
where they are absent. 

The surface of the roc 
is increased at least fift 
or sixty times by the root 
hairs The loot - lum 
come into contact wit] 
the water wound the soil 
particles, and each hai 
becomes sunoundod by i 
film of water. Some rooti 
contain sugar (Carrot. 

Beet, Parsnip, etc.), am 
by chemical tests we always find m roots sugar or other sub 
stances that are capable of “ attracting ” water. We have 
here the conditions under which osmosis occurs—two solutions 
separated by a peimeable membrane (cell-wall of root-hair), 
and we may infer that soluble substances in the soil-water 
diffuse into the root-hair, while some of the substances dis¬ 
solved m the cell-sap of the root-hair diffuse into the soil. 

*^(a) Root-hairs are especially well Been on the loots of noudlingH (Filch, 
31, 4 3 and 06) In seedlings of Wheat, Radish, Turnip, CW or 
Mustard, grown on muBhn stretched over a tumbler of water, the ha\m 
are very abundant. An even better method m to place the hooiIh in an 
earthenware dish, or on pieoes of bnak or broken plnnt-potH, and keep 



Fig 66 —Mustard Seedlings gi-own Jn Sund 
(a hue been gently shaken in watei). 
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them moist, covering them with a sheet of glass or a bell-jai , the root- 
hairs ate fieely developed m the damp air, foimmg a white fleeoy 
oovemig on the roots 

* (/>) Make a rough model of a root-hau out of a long potato-tubei Cut 
oft one end of the tuber so that it will stand upright, and with a knife 
scoop out the middle pait, leaving on the outside a layei about a 
quartet of an inch tlnok Half-fill the tuber with salt solution or sugar 
solution (about 5 pei oent in eaoh case), coloured with red ink, and 
Htand it in a dish of water, the le\el of which should not exceed that 
of the salt oi sugai solution inside the tuber From day to day obsei ve 
the rise of the colouicd solution, showing that watei has been absoibed 
from outside. 

259. How is Root-Pressure set up ?—The process of osmosis 
through the tlnn cell-wall of a root-hair is largely influenced by the 
layer of living substance (protoplasm) within the cell-wall, winch allow* 
only weak solutions to pass mto the hair, and which letams the water 
in the oell-sap at a high pressure The tense condition of the root-hair 
thus set up is called tmgidity It is leally osmotic measure, legulated 
by the influence of the hung protoplasm layei If the “ailificial root- 
hair ” is placed m a solution strongei than that which is inside it, watei 
is drawn out Exactly the same oooms with the leal loot ban Its 
stiffness oi tin guilty is, like the stillness of an inflated bicjcle-tyie, 
due to the piessuie mside it Tins picssuio in the root-hair ir clue 
to absorption ot water—lienee, when wo draw this water out the root- 
hau collapses oi becomes flaccid The piesenoe of salts m large 
amounts m soil-water hinders absorption by the loot, this is exactly 
what the root has to endtu e in salt-maiuhos and peat-bogs 

When the pressuie thus set up in the root-hau leaches a certain 
point the protoplasm of the root-hau undeigoes a change, so that it 
allows the oell-sap to be fotced into the cells of the oortex at the base 
of the root-ban. Each cell in turn, as we pass inwards in the cortex, 
lepeats this process, alternately becoming tuigid and collapsing, so 
that the water witli dissolved salts esentually reaches the central 
uylindei, and is forced into the w’ood-vessels. 

'flio ofteut of the millions of root-bans absoibing water and passing it 
on to the cortex-cells, winch pump it into the vessels, ih to produce con¬ 
siderable piessuie, which we may regal das a foroe driving the watei 
mto the wood-vessels and upwai ds In some plants it is very marked, 
especially in spnng, but it can be demonstrated in most plants while 
aotive growth is going on and there is sufficient watei in the soil 
Many plants “bleed” when cut; this is often seen m trimming or 
pnmmg plants, especially in spring oi eui ly summer 

260. Available Plant-Pood in Soil.—We have seen that 
root-hairs con only absorb dissolved substances. Salts inso¬ 
luble m pure water and required by plants are brought into 
solution m vaiious ways, chiefly by the carbon dioxide present 
in soil-water and by the changes due to the vaiious chemical 
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processes we have just mentioned It is easy to prove ilia 
root-liairs give out acid sap, and that they give out carbo 
dion.de, which accounts partly, at any rate, foi the acii 
reaction they give with litmus In these different ways th 
elements essential for plant-food are made available for 1h 
use of plants. 

A complete chemical analysis of a soil, though giving th 
limits of the plant-food the soil can supply, often gives lii.M 
practical information as to its fertility or its need for manures 
It is necessary to know, as fai as possible, the amounts o 
the essential elements wluch are directly available for the uh 
of plants One method, used to determine the amount o 
available phosphoric acid, for example, is to treat the hoi 
with a 1 per cent solution of citnc add, which ropresenl 
the average acidity of the sap of roots and ioot-hairs. 

[a) Grow seedlings with their roots resting on wotted blue htinu 
paper, 01 dipping into blue btmus solution, and notion tho change n 
colour, due to the acid substances excreted by the root-hairs 

(&) Grow seedlings in a layer of sawdust or soil i eating on a slab fi 
polished limestone Aftei a week or so, when the loots have imolie- 
the slab, remove the latter and examine the surface olosoly for th 
traoks eaten into it by the roots J 

(c) To show that roots giro out carbon dioxide, it ia only iienemur 
to grow seedlings for a short tune with their roots dipping into lime 
water, set up a control experiment, with a jai containing limo-wato 
but no plant. 


261. Fertility of Soil.—From what has bruit ali’oatli 
said, it is easy to understand that the fertility of a so! 
depends on the existence of suitable relations between ill 
(1) mechanical, (2) chemical, and (3) biological properties. 

(1) Iso matter how licli a soil may bo in plant-food it 
cannot reach a high degree of fertility unless it. has tin 
proper fineness of texture, porosity, water-holdmg power, and 
other physical properties which are essential to allow Hit 
roots of plants to grow readily in it. and lio supplied with 
sufficient air and watei 

. SJ) Ip is also essential that the soil contains a suit able 
f + ip lan ^ f °? d m . au aTailabI e condition. However 

resultstf^fhe rdfl U +*f ^ the Soi1, cmmot give tiw best 
^ I n^ 1 ffl. + Pk f °x 0d (oran y essential part of it) is present 
in insufficient amount or m an insoluble or unavailable form. 
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(3) Since tlie conversion of one of the most important 
elements in plant-food, nitrogen, from combination m com¬ 
plex and insoluble organic substances into the directly avail¬ 
able nitrates is the work of ceitam Bacteria, it is obvious that 
these micio-orgamsms must be present m the soil m order to 
make it highly lei tile 

262. How Soil is Improved.—Theie are vaiious me¬ 
thods of nnpiovmg the soil and making it fertile or keeping 
it so The physical condition of soil is improved by tillage 
operations (e g ploughing, liarrowing, rolling, diaming), also 
by adding to the soil materials which altei its mechanical pro¬ 
perties (eg lime or bulky vegetable refuse) Impiovements 
m the chemical condition of soil are made by (1) adding 
substances which contain plant-food, (2) adding substances 
which act upon insoluble componuds piesent m the soil and 
make available the plant-food they contain The chief 
methods of lnipiovmg soil, then, aie tillage and mania uig 

263. Tilth. —Tlio physical condition of a soil is called its tilth. 
A soil consists of giams of vanous sizes, and it is in good tilth when 
the mains aio neither too fine noi too ooai'se, and when they aie not 
too trimly oemented togethoi Siuoe the soil-giauis are more oi less 
lounded, when they are massed togethei without being crushed a laige 
amount of space exists between them , this space is requned for move¬ 
ments of air and of water If the giams are too large and too loosely 
packed, tlio soil lets lam fall through it too freely, and does not bring 
it baok rapidly enough, by capillanty, to meet the needs of plants If 
the grams aie too small and too closely packed, the watei moves too 
slovdy, too much is letuined by cupillaiity, and there is too little air 
If tlio grams are bound togethoi too strongly, the soil is too hard, and 
louts cannot glow fieely in it A soil is in good tilth when tlio soil- 
grams aie of the pioper size and theie is a good circulation of air 

264 Tillage. —This teim is applied to tlio different methods of 
working or tilling soil in oidei to secure tlio conditions necessary for 
the growth of cultivated plants The chief objects of tillage aie to 
destroy weeds, to place below the surface manure and other organic 
mattoi, where it may lie rapidly converted into hunms, and to modify 
the condition of the soil m legard to openness of texture, temperature, 
movements of hoiI- water and of soil-air The eaily tillage of the hoiI 
before sowing in spring has fonts main objects the changing of the soil- 
toxt-iue so us to make the soil warmoi, drier, and better aerated, also 
to dimmish the rate of evaporation of the deepei soil-water, and to 
hasten the geiimnation of weed-seeds so that the weeds may be des¬ 
troyed before it becomes diffoult to get them out ownng to the piesence 
of the crop itself 
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Good Ullage is essential, because it (1) linpioves the physical conch 
tion of the land, wlnoli is even moie important than its richness, toi no 
matter how noli a soil may he, plants will not thrive m it while it is 
oloddy, lumpy, and ill-tilled , (2) saves moistiue by deepening the 
friable bed, so increasing the water-holding capacity of the soil, and bj 
making, and lenewing as often as it becomes crusted ovei, a surface 
muloh of two or bluee inches of loose earth, which serves to bieak the 
capillaiity tubes and so to prevent excessive evaporation of moisture 
from the land, and (3) inci eases the supply of available plant foods in 
aeveml ways The more thoroughly pmveiised the soil, the greater is 
the quantity of water it can hold. 

The great body of water in the soil is acted on by the force of 
giavity, and seldom nseB within 18 inches of the surface of cultivated 
lands From this u gravity-water ” moisture uses to the surface by 
oapillaiy attraction whenever the bui face soil is drier than that beneath 
Now, as water uses more easily to the surface when the soil is well 
tilled than when in a oloddy condition, it would at first sight appeal 1 
that deep cultivation lesults ma loss of soil-moistuie , but deep tillage 
is absolutely necessary to provide the leseivou for water, and expe 
nence pi oves that a well-maintained soil-nmloli largely chocks evapo¬ 
ration fiom land by breaking the capillarity tubes and so interrupting 
tlie upward flow of wateL 

This soil-mulch is prepared by specially tilling the top two or throe 
inclreB of soil, and it constitutes the most efficient agent for preventing 
waste of water by evaporation It is, of course, important to renew 
the soil-mulch. from time to time Not only doe9 cultivation of these 
top two oi three inches actually break the capillarity tubes, hut it 
covers the midei-soil with a layei" of soil-paitides too loose for wntei to 
lise freely tinough it. Rolled and caked lands give off an immense 
amount of watei T>y evaporation, because the capillary tubes aio in full 
woikmg ordei undei such conditions, so that it is impoitnnt to lenow 
the mulch aftei rolling and when the surface has been caked by rain 
The hariow chosen to prepaie the surface-mulch must lie ono which 
stirs the whole surface of the ground, and leaves it toleiably smooth 
aftei wards 

265. Manures and Fertilisers. —Various mateiials arc applied 
to the Boil in ordei to replace oeitain elements which in time beooine 
deficient owing to the growth of plants and to loss by drainage The 
chief elements winch it is necessaiy to replace in this way, m tudoi to 
keep the soil fertile, aie nitrogen, phosphorus, and potash. Lome 
is also used largely, but more on acoount of itH notion on otlioi soil- 
substances than as dnoot plant-food Maiuuos aie usually valued 
acooiding to their Holiness in nitrogen, phosphoins, and potash. 
“Chemical” manures or fertilisers mo used to supply one oi other of 
these elements, while the more complex “natural” mainues contain 
varying quantities of all the essential dements 

As a rule, low-lying, moist, and rich soils are likely only to ho doll 
cient in phosphates, while potash and mtiatos aio the ohief substances 
looking in ligktei, higher situated, and more oxposed lands. 
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{a) If a garden oi field is available for expeuments with feitihseis, 
anange a aefc of beds, each bed a yaid square, sopaiated from eaoh 
other by at least a yard (to prevent the fertiliser from diffusing), and 
m each bed place a different feitdisei, working it into the soil with a 
spade. Find out fiom farmeis or seedsmen the amount of eaoh fer¬ 
tiliser used pei acne and divide to find the quantity required for a 
squaio yaid (an acre = 4840 sq yds ) In eaoh bed sow Wheat or other 
01 ops (change them each yeai), and keep the watering and other condi¬ 
tions as neatly alike as possible m all the beds Leave one bed with¬ 
out fertibsei , on the others place one of the following (1) farmyard 
manure (well lotted), about 1 lb , (2) Chili saltpetre (mtiato of soda), 
1 oz ; (3) superphosphate, 1 oz ; (4) kaimte, or carbonate of potash, 
1 oz , (5) quicklime, 1 lb 

(b) Anofchei method is to place the soil, well mixed with one or other 
of these fertilisers, ni pots, using quantities corresponding to the area 
of the soil-surfaoe. Use a senes of pots foi each fertibser, placing 
diffeient quantities in eaoh pot, and glow tho same kind of plant— e g 
Wheat—in each set of experiments The other conditions— e r/ water¬ 
ing, exposure to light—should be kept as neaily uniform as possible in 
all cases 

266. Selective Absorption by Roots,—It is well known 
to farmers tliat on most soils it is better to change the kind 
of crop grown fiom yeai to year, instead of giowing tlie same 
crop year after year. This is because different plants have 
different needs, and take their food elements in different pio- 
portions fiom the soil For instance, ceieals (Wheat, Sye, 
Barley, Oats) take from the soil Iobs than half as much 
nitrogen,lime, and potash as “loot-crops ” (Turnip,Mangold, 
Beet, Potato) Hence ciops with similar needs aie laised 
alternately, instead of m succession, on the same field, this 
alternation is called the “ rotation of ciops ** When a plant 
is grown in a solution containing sodium nitrate (Chili salt¬ 
petre), it takes up all the nitrogen and only a tiace of the 
sodium, because far more nitiogen is used by the plant than 
sodium 

267. Roots as Storehouses of Food.—In annual plants 
the food produced by the plant during the growing season is 
mostly turned at once into new tissues The only store of 
reserve food is that laid by in the seed for the use of the 
young plant when germination occurs. In biennial plants 
(which m the first yeai* produce leaves and make and store 
up food, nud m the second produce flowers and fruits) reserve 
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food is often stored m tlie roots, which are greatly thickened, 
as in Canot, Beet, etc In these cases the so-caLled tap-root 
really includes part of the stem in addition to root proper, 
and in Turnip and Badisli the whole of the swollen part 
corresponds to the hypocotyl of the seedling 

In perennial plants the roots may he annual, as in Lihes 
and other plants with bulbs or rhizomes, or biennial, as m 
Dahlias, or perennial, as m shrubs and tiees Boots that 
are annual —i e. perishing the same year in which they are 
formed—contain no reseive food, but roots that last two or 
more years nearly always contain more or less food for the 
following year’s giowth 

Adventitious roots may be used for the storage of food, as 
m the tubei ous roots found in many Orchids (Fig 68) The 
tubers may be either palmate or globular, and they arise 
adventitiously from buds which appear at the base of the 
present year’s stem Next year a new stem develops from 
tins bud at the expense of the nutriment stored up m the 
tuber In the case of the Dahlia and Paeony, adventitious 
tuberous roots grow out from the base of the stem (Fig 67), 
and these aie put to a similar use as storage houses foi 
reserve-materials That these bodies aie leally roots is shown 
by their development as irregulai endogenous outgrowths at 
the base of the stem, which do not arise m the axils of leaves 
and are at first covered by a root-cap 

(a) In Radish seedlings, make sketches of young plants of different 
ages, showing the cotyledons and the led hypocotyl, the thiokening of 
the hypocotyl, and the fully formed swelling Gut thin cioss-Heotions 
of the “root” (hypoootyl) of a young seedling, and notice the \eiy 
marked oiroular tianspaient zone of growing tissue {cambium) j test 
with iodine and notice the star oh present m most of the cells except 
those of the oambium The cambium oonsists of nanow oblong cells, 
arranged in the radial rows, filled with protoplasm, and continually 
dividing to form new cells on the outer side (bast) and on the innoi 
side (wood) of the cambium-layer , the wood contains but few vessels. 

(&) Study and oompare the roots of Canot, Parsnip, Boet The 
Beet root is peculiar in having seveial layers of oambium instead of 
one only Sorape the root of Canot and that of Parsnip, put the 
scrapmgs in waim water, shako up, and filtci Test the filtrate for 
sugar with Fell ling’s solution Tho leserve food m the Beet is also 
sugar, but it is oane-Bugar, not glucose, as m Carrot, ebo Henoo, m 
oidei to get the red precipitate with Folding’s solution, it is necessary 
to boil first with sulphuric acid m order to convert tho cane-sugar to 
glucose 
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(c) Examine the tubei ous roots of Dahlia, which me formed m 
Hunmior and store up food to he used by the flowoiing stems of the 
next yeai (Fig 67) When exhausted 
of food they die off, but new tubers aie 
formed as the old ones aie emptied, so 
that the individual plants aan oairy on 
a perennial existence The resoi ve food 
in this oase is linilin, smiilai in oompo- 
sition to stdioli, but diffenng in being 
soluble m water, so that in a section of 
fresh loot examined in water the oells 
a jpear ompty If a piece, or a section, 
of Dahlia tuber be placed in aloohol for 
some time, the inulin is deposited m the 
oells as rounded orystal-like masses 
(i d ) Dig up an Early Purple Orchid 
and trace the shoot down, below the 
inflorescence and the leaves, to the basal 
swelling, which is a root-tubei Cut the 
tuber aoioss and test the cut surface foi 
staiah Besides the tubei in which the 
lesont yeai^B shoot ends, notioe the 
rown and shrunken tubei formed lost Fig u7 —TuliernuH RootH of the 
year, and the new tuber being formed DahUa 

for next year To see these tubers of 

diffeient ages and to tiaoo their life-history you must of coiuse ex¬ 
amine plants at different times of yeai 




Ertoh yeai one loot (sometimes two), instead of gmwmg out like the 
other roots, bcoomes swollen up and packed with food (made by tbe 
greon leaves and transposed downwards tluougli the stem) , tins root 
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is formed at the base of a bud, fiom whioh next year’s leaf- and flowor- 
bearmg shoot will develop© (Pig 68) When the shoot dies, the root- 
tuber, with the bud above it, remains in the soil during winter, and the 
early growth of the Bhoot takes place at the expense of the food stoied 
m the tuber, while ordinary loots grow out to absorb watei and salts 
from the soil 


QUESTION'S ON CHAPTER X 


1. Trace the path followed by a paitiole of water, from its entrance 
into the root to iLs exit, as vapour, from the leaf 

2 On what part of the loot aie loot-bans found 9 Under what con¬ 
ditions aie the most conspicuous root-hail’s produced ? What is the 
function of root-hans’ How oau you imitate the process involved l>y 
a meol i amoal oonti ivance * 

3 Show how some of the commoner opeiations of gardening, such aR 
digging, maniumg, laking, transplanting and watering, may he con¬ 
ducted, so as best to lmmstei to the chemical and physical conditions 
of plant life 

4 How would you examine a handful of soil to see if it contained 
any soluble salts * 

5 How' could you prme that nitrates (of soda, potash, oi lime) are 
piesent in a feitile sod * 

6 Descube carefully and illustrate by diagrams the details of the 

S roceduie you would follow m order to find out the differences pio- 
uoed m the louts of seedlings by growing (a) in ordinary soil, (£>) m 
watei-culture solution, (c) in damp an. Wliat differences would you 
obsei ve between the roots in tho three oases, and how are they i elated 
to the chffeient conditions of life ? What would be the ultimate fate 
of the three setR of seedlings 9 

7 Explain why it is mjuuous to plants grown in pots to be too 
frequently and too abundantly watered 

S Can you measiue the moistiuo pieseub [a) m the soil, (6) m the 
air? State exactly what effeob each lias on ft growing plant, aud how 
you would demonstrate the effeot m oaoli otise 

9 What are root-hairs v Wheio do they ooaur, and what is their 
function 9 
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10 Why should a faimei keep his crops flee from weeds 9 In what 
way aie weeds harmful if this is not done 1 * 

11 How do mot-hail 8 help the root to absorb the watei of the soil 
•as thoroughly as possible v Under what conditions will loot-liana be 
(a) abundantly, (/>) scantily developed 9 

12 What.is root-piessiue 9 How is it set up, and how can it be 
demonstrated and roughly moasiued 9 

13 Descube the chief agencies by which soil is formed Whataie 
the differences between “sedentary” soils and '* tiansporbed ” soils 9 

14 What are the chief constituents of oidnmry soil, and how may 
they be separated 9 

15 Describe the characters of sand, clay, limestone (chalk), and 
humus, with icfoienoe to the growth of plants 

16 How do the ohief soil-oonstitiionts differ as to oapillauby, ability 
to lolftin water, and usefulness as souroes of plant-food 9 

17 What substances aie found dissolved in aoil-watei v Descube 
the thiee conditions in which soil-water exists ' Why is excess oF fico 
soil-water lnjmious 9 

IS How does soil-ail usually differ From that m the abmospliei e 9 

If), What is meant by “ available plaut-iood ” in the soil * Explain 
why some soils may bo neb in the essential elements of plant-food and 
yet he pool soils in winch to grow plants. 

20 How aie plants enabled to make use of substances m the hojI 
which aie not soluble m watei v What part do root-hairs play m the 

piOOOHH 9 

21 What is meant by a “ foilile” soil ? Upon what conditions docs 
the fertility of a soil depend v 

22 In what ways can a soil be impioved, both as legal ds its toxturo 
and its riolmoBH m plant-food 9 

23. What is “tilth ” 9 What tools mo UBed m tillage, and what is 
tho mode of action of caoli 9 

24 Why is it nooessaiw to use mauuies and fertilisers on cultivated 
soils ? Meution the chief fui tilisers used, and the reason for using eaoli 
of them. 
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25 What is meant by “selective loot-absoiption,” and how is it 
related to “rotation of crops”’ 

26 What apeoial function is performed by the roots of most biennial 
plants and some perennials with regard to food-storage ? 

27 What is a soil 9 What is meant by “ light ” and “ hon\ y ” soils v 
What are their respective advantages and disadvantages foi the growth 
of plants’ Give any instances you know of rocks or stiatn which 
produce light and heavy soils respectively 
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268. As we Lave seen, tLe green leaf mates organic food 
from the raw materials which it takes from the ail and from 
the soil It also serves as the chief means by which the 
air within the plant communicates with the atmosphere, and 
by which the gaseous exchanges concerned in iespn*ation and 
transpn-ation are carried on These functions are also earned 
on by the other gieen parts of plants, e g by young stems, 
both in herbaceous and woody plants, since the und (coitex) 
contains chloroplasts, and the sfcomates (on heibaceous stems 
and the youngest parts of woody stems) 01 lenticels (in older 
parts of woody stems) communicate between the ou-spaces 
m the plant and the atmosphere outside 

We have already learned something about the growth of 
roots and shoots from our work on seedlings and on the 
nutrition of the green plant We may now take up the ques¬ 
tions on the growth of root and shoot laised m Art 189 
It is absolutely necessaiy to giasp thoroughly the mam facts 
m the nutrition of plants—above all, the work of the green 
leaf, which is the great fundamental process and which may 
be said to foim lie key to the light understanding of the 
structuie and development of root and shoot and all the 
varied forms and adaptations of the vegetative organs 

* 269. How to measure the Growth in Length of Boot 
and Stem.—Seed hugs of Broad Bean, Garden Pea, and 
Scarlet Runner are suitable for experiments on the growth in 
length of root and stem. Place the seeds m damp sawdust with 
the scar downwards. Runner Beans are especially useful for 
measurements of the growth of the stem. 
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When the root has grown about 2 meJies long, dry 1 
surface carefully, stroking it with torn bits of blottmg-piipe 
and with a fine brush mark it at intervals of § inch, startin 
at the tip, with dots or tiansverse Jones of Indian ink 
The stem of a Fiench or Runner Bean seedling should l 
maiked m the same way, starting at the point where the firs 
pair of foliage-leaves stand on the stem and worJnng dowi 
waids, seedlings of Sunflower or Mustard may be used, tb 
hypocotyl bemg marked starting from the cotyledons 

* 270 . Where does Growth in length occur?—Pin 

seedling with maiked loot to the cork of a glass jar, exactl 
as m Fig 33 Examine from time to tune and note tJi 
positions of the marks, after a few days, the marks pie 
behind the tip of the loot will be widely separated, whil 
those farthei back have clianged little, or not at all, n 
position What conclusion can you draw from the results o 
experiments like this P To what region of the root is growt] 
m length almost entirely restricted ? 

A neat method of arranging this experiment is to put th 
seedling into a thistle-funnel and let the root grow down th- 
tube, the latter is set m a jar of water, while the seed i 
covered with some wet blotting-paper or cotton-wool. Thii 
plan, allowing the roots to grow very long, gives stnJcm^ 
pi oof of the fact that growth m length cluefly occuis jusi 
behind the root-tip An ordinary glass funnel may be usee 
instead of a thistle-funnel. 

Daily observations and measurements of the hypocoty] 
of a French Bean seedling, or the young shoot of a * Runnel 
seedling, will show that m the stem, as in the loot, growth 
in length is much more vigorous ]ust behind the tip than 
farther back 

271- How the Young Hoot enters the Soil.—You 

have seen that the root end of the axis is the first part of the 
young plant to emerge fiom the seed, and that on emerging 
it grows downwards, m whatever position the seed has been 
placed Have you tried the effect of moving the seed at 
this stage, and then turning it over each tune the root hm 
curved so as to be directed downwards P Have you noticed 
how, if a seed is laid on firm soil, root-haii s grow*out and fix 
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the root to the soil, giving it a " purchase,” so that it can 
push its tip down with gieater force? Have you noticed 
how the lighter kinds of seeds are often raised up or turned 
ovei by the struggles of the loot to bore into the soil ? 
How can the downward pushing power of the root be mea¬ 
sured, say m a Broad Bean seedling ? 

* (a) You have probably used mercury in vanous evpen meats, and 
know that it is n very heavy liquid (13^ tunes heavier than water) 
Fix a seedling (Bean, Pea, eta., should he tried) to the side ot a small 
dish contammg mercury with a layer of watei above it, and see u hether 
the loot will grow down into the nieroury The seeds may he pinned 
to a ooik which is Beourely fixed to the nm of the dish [e g. a saucer) 
by making a slit m it and jamming it tightly on the urn, each seed 
should of course be fixed by two pms 

(b) One method of roughly measuring the pushing powei of the root, 
is to make it press a cork, or a olianl of corks, downwards into watei 
Out a Blit m a ooik so that it oan be fiimly fixed to the run of a tall, 
nariow jar or a huge test-tube, and to this coik pm a Bean seedling 
(with a root about 2 ms long) so that its root piojeots into the mouth 
of the tube Then place m the tube a numbei of coiks, one above 
another, of such size that they can move freely inside the tube, the 
row of corks should be about half as long as the tube In the upper¬ 
most ooik make a cavity for the root to press downwards against, and 
pour some water into the tube so that the root fits into this cavity. 
Place a vertioal strip of paper on the tube, on which to moik the- 
position of the lowest cork from day to day, and put some wet cotton¬ 
wool or blottmg-papei ovei the seedling to keep it moist 

Each day pour a little more watei into the tube (which should be 
fixed m the veitical position), and thus increase the resistance against 
whioh the root has to push downwards When the root seemB unable 
to push the olinin of ooi ks any farfchei down, mark the position of the 
bottom of the lowest ooik, then take the seedling out and find wliat 
weight (e g of shot m a test-tube) is lequired to depiesa the corks 
to the mark. By finding the diametei, and from this the area, of the 
root just above the tip, you can calculate the pressure of the down¬ 
growing root in grammes or ounces per square centimetre or square inch. 

(c) Fix a young Beau-seedling so that its loot grows m a mnall tube 
filled with moist soil or sawdust, and place tins tube within a larger 
one containing a spring The root glows downwards with a force equal 
to over 300 grammes (about 11 oz ), measure the diameter of the root 
and oaloulato the force it exerts per square centimetre oi square inch. 

272. What makes the Main Boot grow downwards 
and the Main Stem upwards ?—Most likely this question 
would not have occurred to you at all, or if it had you would 
probably have thought of anything but the right answer or 
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the nglit way to test the matter It is cleai tliat the root 
does not simply lend down by its own weight, like a lod of 
plastic material, for it exerts great force in its downward 
growth Besides, this “ explanation ” would not apply to the 
shoot, nor even to the side-roots , the former grows upwaids, 
the latter grow away from the paient-root 

If the young root is placed honzontally, it soon begins to 
bend downwards, the cuivature taking place just behind the 
growing apex This curvatuie is soon rendeied permanent 
by the grov/th and haidemng of the tissues affected, but a 
new ter min al straight portion of the loot is soon foimed as 
growth continues, and if this be agam laid horizontally a 
downward curvature is produced as before Tins curvature 
is due to the fact that gravity, the attractive foice which 
the earth exerts on all bodies, acts as a stimulus upon the 
piotoplasm at the apex of the root, and causes the glowing 
region to bend towards the centie of the eaith 

The growth-curvatures by which loot and shoot respond to 
the stimuli of gravity, light, moisture, etc , aie called tropic 
movements (Greek tropos, direction) In most plants, the 
loot is positively geotropic, negatively heliotiopic, and posi¬ 
tively hydrotropic, while the shoot is negatively geotiopic 
(response to gravity), positively heliotropic (response to light), 
and negatively hydrotropic (response to moisture) 

# (a) That it is not the aotion of the soil which oaiiRoa the loot to grow 
downwards is leadily shown, eg by glowing soudlmgs in moist air 
Choose a few Bean seedlings with stiaight roots about ms long 
Dry the loots gently by stiokmg with pieces of blotting-paper, and 
mark eaoh ladiole at intervals of by making tianaveise linos with 
Inchon ink, beginning at the tip Pm the seedlings to a piece of u ood 
or a coik, and invert it over a wide-mouthed jar containing a little 
watei Fix different seedlings with the radiole pointing upwards, 
downwards, and horizontally From clay to day observe and sketoli 
the appearance of the seedlings, noting the dnection of growth of the 
shoot and the loot 

(6) Grow Bean or Pea seedlings m jour box with a sloping glass 
front. When the side-mots have grown out, maik on the glass the 
positions of a few of these, also of the mam root, note especially the 
position of the tip of each root Then tilt the box up at an angle of 
about 45°, and notice how (1) the mam loot and (2) the side roots 
change their direction of growth how docs the shoot behave v 

(c) What happens if a shoot, laid horizontally, is iixod so that it 
oahnob curve upwards ? Lay a few Boon-seedlings on moist sawdust 
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and keep the shoots clown with a piece of thick glass, or fix them to a 
sheet of cork by means of crossed pms, and set them in moist air for 
about si hours Then remove the glass 01 the pius the shoot will 
quickly bend upwaids How can you explain this result ’ 

(i d ) Fit a Bean-shoot into a bottle or tube of water, using a bored 01 
split coik and sealing with plasticine, and let the shoot project hori¬ 
zontally 8tick a pm or needle into the bee end of the shoot and set 
up beside it a foot-rule, note the position of the mdex-pm ou the 
scale After half an houi (the shoot will have made little or no up¬ 
ward movement in that time), turn the bottle loimd through 18(r, 
taking cate to keep the fiee end at the same point on the scale 
The tmoot soon begins to ouive downicards , then it comes to rest, 
and finally it curves upwards Now try to account for these 
results Remember that there is an interval between (1) the pet'ception 
of the stimulus and (2) the visible response made by the loot 


273. How does Moisture affect the Direction of 
Growth ?—Is the main root bound to grow vertically down¬ 
wards m all circumstances, or could it be induced to change 
its course by Borne other stimulus ? We know that roots 
lequire moistuie Would the mam root leave its vertically 
downwaid course m older to grow towaids a moister part of 
the soil ? Would this be a useful thing for the root ? 

# (<z) Lay a glass jai on its side (a jar with flat sides is best) and put 
a sponge, soaked with watei, m the closed end. Fit the jar with a 
oork (boied with a hole for ventilation), and to the inner side of the 
coik fix a Pea or Bean seedling by putting two pms through the coty¬ 
ledons Fix the oork so that 0ie root lies horizontally Does the root 
bend and glow towards the wet sponge, the shoot towards the mouth 
of the jai ’ 

(6) Grow Heeds m a box with a bottom of wire gauze, and hang the 
box up or tilt it by putting a wood block under one end. The roots 
glow down tluougn the gauze into the dry air, but they soon cuive and 
grow upwards again Why ? 

(c) Take a tumblei or jar about a quarter filled with water, tie ovei 
it some muslin, and on it place some damp sawdust with several 
Boaked seeds, then invert a larger tumbler over the whole The roots 
on emerging from the sawdust do not turn back, but grow down m the 
damp air. Compare with ( b) 

(d) In the middle of a box of dry soil or sawdust place a flower-pot, 
first plugging the hole in it by a oork. Place some soaked seeds m the 
sawdust around the flower-pot, but do pot water exoept by pounng 
water into the flower-pot, and filling the latter up os the water 
evaporates After a few days, gently pull up a seedling and see 
whether its root has ourved towards the pot. 

B. F M 
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274, How does Light affect the Direction of Growth ? 

—Have you noticed the appearance of plants growing near a 
window? The shoot grows towards the light, the stem 
placing its axis parallel with the dnection of the light, while 
the leaves place their surfaces at right angles to it 

# (a.) Set some seedlings m sueli ft position that the light falls oil them 
mainly fiom one side, and notice the effect this lias on their shoots 
Aftei marked bendmg lias been observed, turn the seedlings round and 
see whether the shoots again respond to the “ attraction 55 of light 

(6) Take the wide-mouthed glass jar and cover it outside with black 
paper oi cloth, leaving a narrow vertical dunk on one side. Fix a 
Bean seedling horizontally inside the jai, at light angles with the 
ohiuk Does the root bend, and does it bend towards oi away from 
the light 9 In what clnection does the shoot bend 9 

(c) Pass the roots of germinated Cress, Radish, oi Linseed through 
holes in muslin tied ovei a tumbler filled with water Set the tumbler 
close to a window, oi m a box with a vertioal slit m the Bide turned to 
the light, or use a black sheet, as m the pieoedmg experiment 
Observe the direction m which root and shoot grow with regard to the 
light. 

It xa inteiestmg to note that plants grown in red light 
often show one of the effects of darkness—then stems aie 
usually long, but the leaves are well developed and turn 
green. In blue light plants develop small leaves and show 
very marked bendmg towaids the source of light (heliotropic 
curvature), but they soon die 


275. How does Contact affect the Direction of 
Growth?—As we shall see later, some parts of plants are 
very sensitive to contact, eg. tendrils. Has the root this 
kind of sensitiveness? How does the growing young root 
behave when it comes against an obstacle which it c ann ot 
push out of its way ? The root can force itself thiough loose 
soil even when young and soft., and when it grows old and 
hard, becoming thicker year by year, it can exert enormous 
pressure against anything around it. Have you evei noticed 
the raismg-up and splitting of asphalt-pavements around the 
roots of trees m towns P Have you ever seen the cobble¬ 
stones of a courtyard pushed up by the growth of a mush¬ 
room-like fungus? If so, you will have some idea of the 
force which growmg plants are able to exert 



THE G-ROWTH OF ROOTS AND STEMS 


211 


* (a) To the inner side of the glass m yorn box with gloss front fix 
with sealing-wax small pieces of wood, some with holes boiecl in them, 
and plant seeds o little above these obstacles Notice that the loots 
diveige fiom their course only so much as is absolutely necessaiy to 
avoid the obstacles, and lesunie then original comse as soon as they 
have passed one 

(h) Anothei method is to use a glass funnel filled with moist soil or 
sawdust r plant the seeds close to the glass neai the top of the funnel, 
and fix the obstacles an inch oi more below them 

(r) With the point of a knife lemove a small poition of the yolk of a 
hard-boiled egg, and apply it to one side of the tip of the radicle of a 
Bean-seedling (olioose one with a stiaight loot about 2 ms long); fix 
the seedling veitically in a jai containing some watei at the bottom* 
and keep in dm knew After a few hours, see whethei any cm vature 
has taken place, and, if so, m what direction The one-sided initia¬ 
tion, due to the jnesence of the foreign substance, has evidently 
excited a stronger influence than that of gravity 


276. Test-Tube Experiments.—For demonstration to a 
class, some of the foregoing expeimieuts may be duplicated by 
au tinging them on a small scale in test-tubes, winch are handed 
round the class The following will serve as examples •— 

(a) Got a test-tube with a ooik to fit, pm to the coik a Pea-seedling 
with a straight loot 2 ins long, put a strip of hlotting-papci in the 
tubo, and run in water to soak it Fix the seedling in the tube with 
its loot pointing to the dosed end, and keep the tube in a vertioal 
position, with the coiked end uppeimost 

(h) Fix a similar seedling in a tubo, but keep the tube inverted, so 
that tho toot points vertically npwaids 

(c) Get a similar seedling and tube, but with a razoi or sharp knife 
out off the extieuie tip of the loot, and keep the tube in the same 
position as in [b) 


277. The Root-Tip a Sensitive Organ.—From the 
foregoing experiments it is clear that the root responds, by 
changing its dnection of growth, to the influences or stimuli 
of moisture, light, and contaot. We have also seen that the 
mam roots always giow vertically downwaids, towaids the 
centre of the earth, except when deflected from tins direction 
by one of the stimuli just mentioned It will be noticed that 
Hie shoot of a seedling grows towards light and away from 
moistuie, its responses to these stimuli being the opposite of 
those made by the mam root. The force of gravity also haa 
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a stimulating effiecb on the growth of loot anil shoot, the root, 
lesponds by growing down in the diiection of the foice, the 
stem by glowing up m the opposite direction 

That these opposite tendencies of root and stem are to 
be ascnbed to gravity has been determined by e\peinnent 
There is a machine called the clinostat, consisting essentially 
of a plate mounted on a horizontal axis, and theieforo relating 
vertically A plant is attached horizontally to llie plate, and 
the axis is rotated slowly A little reliection will show that* 
the influence of gravity is eliminated Stem and loot simply 
continue to glow straight onwards in whatever direction they 
have been placed 

Another experiment is to attach a plant to a wheel which 
rotates rapidly and vertically, Heie another force—centii- 
fugal foice—comes into play. If the opposite tendencies of 
root and stem are to be ascribed to gravity, we should oxpeet 
similar tendencies to be exhibited under the action of centri¬ 
fugal foice This is the case, in seedlings flxed to the verti¬ 
cally revolving wheel, the roots bend away from the centio of 
the wheel and grow straight out m the direction of the radius, 
while the stems grow straight m towards the centie of the 
wheel. 

What will happen if the wheel revolves horizontally v Two 
forces now act on the plant, the centufugal foice and that 
of gravity, and the root bends obliquely outwards, the stem 
obliquely inwards 

Side-roots aie but little sensitive to gravity; they glow out 
from the parent root, each growing in a definite direction. 
If the giowth of a side-ioot is towards, say, the oast, and it is 
interrupted by a stone, as soon as tho root has reached the 
edge of the stone it will resume its eastword direction of 
growth The branches of the side-roots, again, grow away 
from these, and may therefore grow in a downward, hori¬ 
zontal, or even upward direction In the last-mentioned 
case, tlieiefoie, we get some branch-roots actually growing 
m a direction opposite to that of the main root—that is, 
making an exactly opposite response to the stimulus of 
gravity 

We have also found by experiments that the atbmetion- 
stimulus of gravity may, even in the case of a main root, bo 
overcome by the “ attraction ’ 1 -stimulus of moisture or by the 
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“ repulsion ’’-stimulus of light, while contact with an obstacle 
like a stone causes the root to change its direction of growth 
for a time, though it resumes this direction as soon as it 
readies the edge of the obstacle It is clear, therefore, that 
the loot is a sensitive organ, its sensitiveness or “ irritability ” 
being much the same as that of an animal 

It is very important to understand that geotropism and 
othei forms of mutability m plants answer to the various 
kinds of sensation in animals, and also to try to see the reason 
for each response made by each part of a plant to each kind 
of stimulus from outside it If you have earned out the 
preceding expenments, stop here and think out for yourself 
why—i e. to what advantage—the main root of a bean 01 pea 
(or other plant you have worked with) grows downwards, 
why it grows towaids moisture, why it grows away from light, 
why a loot turns off on meeting an obstacle and goes on its 
former course after getting to the obstacle’s edge, vhy a 
bianch-root grows away from its parent-ioot In each case 
remember the two great functions of the root (wli.it are 
these ?) and the need foi the root-system to explore the soil 
thoroughly and to come into contact with as much soil as 
possible, m ordei to do its work efficiently. 

The fact that the removal of the root-tip destroys the 
power of the root to respond to the stimuli of gravity, etc r 
goes far to prove that this is the sensitive region of the 
root, but such expenments are not condusive, because 
curvatures due to the injury usually take place, the root 
sometimes forms a new tip, and then lesponds to stunuli 
as befoie 

The fact that the root-tip alone is sensitive to the stimulus 
of gravity has been shown by the following method — 
Seedlings of Broad Beans are rotated on a clmostat and 
their roots caused to glow into small L-shaped glass tubes, 
open at one end, so that the root is sharply bent at about 
m from its tip. They aie then placed in various posi¬ 
tions, each having this small glass boot on its root If the tip 
ih vertical and the basal pait of the root lionzontal (r), no 
curvature tahes place, though the radicle glows vigoiously m 
the hoiizontal direction. If the tip is horizontal (L), the 
vertical part of the root outside of the tube bends until the 
tip of the root is vertical. 
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278. Regions of the Root. —Fiona your obseivations on 
tlie growth of roots, it will be evident that the increase m 
length of a root is almost entirely due to the elongation of 
the region lying a short distance behind the root-tip, also 
that root-hairs only arise wheie the root has ceased to 
lengthen, and that blanches only arise still farther back 
{why do not root-hairs and branches aiise where the root is 
still giowing in length?). The following legions may be 
distinguished in a root —(1) growing-point, coyered by 
loot-cap, (2) elongating or growing legion , (3) legion bearing 
root-hairs , (4) thickening region, which may hear branches 
(rootlets) 

279. How is the Root-Tip protected against injury as 
the root pushes its way into the soil P 

A little behind the actual tip of the root lies the gi owmg- 
pomt, which is coveied and protected by the root-cap The 
growmg-pomt consists of cells which aie constantly dividing, 
growing after each division, then dividing again, so as to 
produce new cells Most of these cells go to foim the main 
mass of the root, but those formed towards the tip of the 
root add to the root-cap The loot-cap is, therefore, con¬ 
tinually renewed from withm as it weais away outside, 
compaie with tins the way in which one’s skin is renewed 
The onward growth of the loot is due to the formation 
of new cells at the giowing-point and to their elongation 
(and further division) behind the growing-point- The grow- 
mg-pomt is not only the factoiy where new cells are made, 
it is also the sensitive pait of the root, which alone can per¬ 
ceive the stimuli of gravitation, etc, and by sending them 
on to the region behind cause the bendiug movements 

Examine with the microscope the loots of any small seodlmgH (Oobs, 
Mustard, Wheat) mounted in water on a elide Focus on the upper 
surface, and notice the outer layer of cells (skin-layer or epidermis) 
immediately behind the extreme tip Sketch part of this, thou focus 
deeper so as to get an “optical section” of the giowing-pomt, and tn 
to make out the tissues as shown m Fig. 69, the loot-cap covering the 
densei layers of cells which form the giowing-pnmt, and winch 
gradually pass backwards into the central cylinder, the rind (cortex), 
und the epidei mis 

Trace the origui of loot-bans, each of which is a long slender tulns 
dosed at the free end , each hair anses as an out growth fiom a single 
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oell of the akin-layer Faithei behind the root-tip the root-bans aie 
longer, but they are absent fiom the oldest parts of the root —i e those 
nearest the stem. Crush a loot by pi easing it under the cover-glass, 
and obseive the vessels in tlio oential cylinder; some vessels have a 
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spnal fibre coiled msuio them, otlieis show small spots (pita), which 
aie thin plaoes in the wall Notice also the large cells of the nnd 
(oortex) Try to find the beginnings of side-roots and different stages 
in then growth 


280. The Conducting Channels of the Stem.—From 
your study of the functions of the leaf, you should be able to 
draw some conclusions regarding those of the stem Some 
further experiments will give additional information about 
tlie pait played by the stem in the process of transpiration 

* (a) Place whole plants, or seedlings, or cut twigs, into water 
coloured with red ink, set them wlieie the conditions are favourable 
for transpiration, and after an hour or so out across the root and stem 
at various points. If the ooloured water lias risen in the stem, trace it 
upwaids by moans of successive outH, then replace the plant in the 
liquid, and after a time notioe its appearance m the loaves, as shown 
by the colouring of the veins. Note that m the root tho Htamed veins 
are at the centre. 

( b ) Make thin oross-seotions and longitudinal seotions of these 
plants Iil most oases notioe that the bundles are arranged in a single 
ring; tins arrangement is found in rnoBt Dicotyledons. In GraBBes, 
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Lilies, and otliei Monocotyledons the red a tamed bundles will be seen 
to be scattered through the stem Notice that m most cases only 
the innei pait of each bundle is stained In Vegetable Marrow or 
Cucumber the bundles aie in a double rmg, and here the central part 
of eaoh bundle is stained. 

(c) Place a twig of a tiee—e g Oak, Beeoh, Elm, 01 any other hard 
woody plant—in the coloured water, and when the leaf-veins beoome 
coloured, out aciosa the stem, starting in this oase at the top where the 
stern is soft and green At the top notice that the bundles are separate ; 
but os we pass downwards, making successive cuts, the bundles appear 
to fuse and form a continuous rmg. 

{d) Out two twigs of a woody plant— e.g Willow—about equal as 
regards length and the number of leaves. Cut lound one of the twigs, 
a few mohes fiom the lower end, as far in as the hard woody part, 
and remove from the lower part of the stem the whole of the sottoutei 
tissue. Leave the other twig uninjured, and set both twigs into led 
ink Notice that the removal of the outer tissue mokes Tittle or no 
difference as regards the rise of the led ink in the stem and its appeal- 
anoe in the veins of the leaves 

* (e) Take a Bean seedling which has been pulled up and allowed to 
lie for some time, till the leaves have begun to witliei Place the 
seedling with its stem under water coloured with red ink, then out 
aoross the stem under the coloured water. Take the stem out and 
notice that the water has run up, in the bundles, for some distance 
This shows that when the leaves are transpning and the loots aie not 
absorbing enough water, theie is a “ negative pressure " in the watei - 
carrying channels, so that when the stem is cut under the coloured 
water the liquid rushes in 

The foregoing expeiiments show (1) that one function of 
the stem is to carry water fiom the loots to the upper parts 
of the plant, and (2) that the water travels through the 
mnei portion of each bundle when the bundles are separate 
and through the hard woodsy part of a stem when the bundles 
are joined to form a continuous cylinder. Through what 
channels do the organic substances produced in the leaves 
travel to other parts of the plant ? If these also travel along 
the bundles, they must pass through the soft outer tissue in 
the case of a woody stem, and m that of a stem, with 
separate bundles, these substances must pass either through 
the port of each bundle which was not stained by the red 
ink or else through the other tissue of the stem, or by both 
routes Before considering this question, we must know 
moie about the structure of the stem.; but the following 
experiments will give a clue as to the paths by which the leaf- 
manufactured food travels m the plant. 
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(/) Place a Bean seedling or a Garden Nastuituim (tiy vanous other 
plants) m darkness foi a few days, then remove some leases and test 
them for sugm by boiling them in Pel ill rig’s 
solution Theie will be little or no red colota- 
tion, showing that sngm is absent, or neatly so 

Expose the plant to sunlight for several hours, 
then pluoe it m datkness (after having tested 
some leaves, 01 parts of leaves, fot staioh), and 
after a time test some leaves for sugai, which 
will he indicated by the ted coloiu produced 
around tho veniH If the presence of sugar is 
detcoted in this wuj r m the leaf-blade, tost 
seotions of the loaf-stalk at diffeient levels, to 
find out by what paths the sugar travels to¬ 
wards the stem Also test seotions of the 
stem itself. By using Fehlmg’s test it is easy 
to piove that the sugar tiavels m the leaf 
itself along tli© tissue sun minding the veins 
(bundles), and in the stem it is to he found m 
the giound tissue in which the bundles aie 
embedded 

(p) Make two cuts round the lowet pait of a 
Willow twig, about an inch apaifc, and lomove 
the soft outei tissuo of the stem between these 
outs, so as to lea\ e only the liaid woody poition 
of tile stem for tins distance Then set the 
twig in water (which should be changed e\ory Fig 70 — a njnged 
day) or m culture-solution, and notice that it Drunoli of a Willow 
begins to spiout after a few days (Fig 70) Hp routing in Wntoi 

Below the injury the development of buds and 
new roots takes place but slowly, whereas above 
it new roots are rapidly formed and noutished by food oonveyed from 
the upper parts of the branoli by the tissue lying on the outei side of 
tho wood Tins experiment usually succeeds best in spring or early 
summer Later in the year it is advisable to temovo the leaves m 
order to dimmish the Iohh of water, since there aie no loots on tho 
■cutting to keep up tho supply of water The lapid development of 
buds and the foimation of roots abovo the ringed pait show that food 
passes down clncHy tlnough the soft outei region of tho stem 

281. Chief Functions of the Stem.—The leaves must 
be exposed to aii and light m order to cany on then* work of 
food-malcing, and in tins work they require supplies of water 
containing dissolved salts. The food made by the leaves has 
to be earned to other paits of the plant which are living and 
growing or acting aB storage-organs. The loots, having no 
chlorophyll and not being exposed to light, cannot, of course. 
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carry on photosynthesis, and must theiefore be supplied wit 
organic food made in the leaves 

From these considerations, and from the results of 01 
simple expei iments, it is clear that the oidmary functions c 
a stem are (1) to bear the leaves and help m spreading thei 
out to light and air; (2) to convey water with dissolve 
salts fiom the roots to leaves and other parts of tb 
shoot, (3) to carry organic food from the leaves to othi 
parts These aie the primary functions of the ordinar 
stem, but m addition to this stems often have to take o 
special functions Thus they may serve as organs of vegetf 
tive propagation, as store-places of nourishment, etc 


282. Structure of the Stem.—In Dicotyledons, both i 
herbaceous stems and m woody stems when young, isolate 
bundles urn through the stem, forming a hollow cybnder ( 
lmg, as Been m cross section), In Monocotyledons th 
bundles are scattered thiougli the ground-tisBue of th 
stem. This is because m the former case the bundles (verm 
which rim into the stem from the leaves remain near th 
surface, ultimately joining bundles fiom other leaves an 
mcieasing m size, whereas m Monocotyledons the bundle 
from each leaf run deep into the stem and curve outwaid 
lower down, tapering away as they do so. Hence the bundle 
on the outside of a transverse section aie in this case smalle 
than the cential ones, whereas in the Dicotyledon the smalle 
bundles alternate with the largei ones (Figs. 71, 72) 

It iB important to realise that the bundles in the ster 
aie continuous with the veins of the leaveB on one hand an 
with the veins m the vascular cylindei of the loot on the othe] 

(a) Soak the stem of a Bioad Bean or Dead Nettle (tiy othe 
herbaceous Dicotyledons) for two days m dilute potaBh, and then fc 
two days in dilute nitnc noid Brush and scrape away the safte 
parts, leaving a skeleton of the vascular tissue Note the way in wine 
the bundles hoin the uppei leaves join on to those of the lower leave* 

(fr) Another method of showing that the vasoulai bundles (veins) c 
the leaf are continuous with those in the fltem is to cut thiok longiti 
dimil slices through the stem and the bases of the leaves, and place th 
slices in caustic potash. 

(c) To ohseno the continuity liotweon the bundles of theater 
and those of the loot, Bplit a bean seedling longitudinally in th 
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part where stem and root meet, and ti oat with oaustic potash or aniline 
■chloride solution 1 , the former makes the soft tissue transpaient, the 
latter stains the hard woody tissue yellow. 



\ 71 — Ijoutfltudinjil 

Cloui'rie of the Bundles 
In u Alimuuotyledimous 
BtBra 



Fiff 72 —Onurae of the 
Bundles in atom of a 
Diootjledon 


283. The Vegetable Marrow (oi the Cucumber) is one 
of themiost suitable plants m which to study the tissues of 
the stem 

* (re) Cut acioss the middle of several “ lntemodea ” m the older parts 
■of the Hlioot, and in each pieoe thus obtained notioe that (1) the “ node ” 
gives oft a leaf, a special climbing oigan (tendril), and usually either a 
leafy branch or a flowering bianoh, or both , (2) the mternode is hollow, 
ho tliat the stem forms a tube, with (usually) five ridges, and furrows 
■alternating with these, (3) the bundles (usually toil) aie arranged in 
two rings. 

(6) Scrape gently the outer surface of the stem, and remove part of 
the epidermis oi skin, whioli is tlnn and colourless and beats lmirs, Home 


1 Dissolve some aniline olilonde (about l£d. per ounce) in a little 
alcohol, add water to make a 10# solution, then a little hydroohlorio 
acid A wooden matah, or a splinter of wood, turns bright yellow 
■after being dipped into the solution, which gives a ready tost for 
w oody substanoe [hymn). 
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of them large and prickly Notice the soft tissue which lies between 
the bundles, this is the ground tissue [parenchyma), and its cells can 
easily be seen with a lens After removing the epideimis, scrape away 
the soft tissue which lies below it, and notice the hard tissue, wluon 
forms a wa’sy tube around the Btem, outside of the bundles Slit a 
piece of stem by two longitudinal cuts, and by scraping isolate a strip 
of this hard tissue ( sclerenchyma ) Bend it, pull it Jby the two end*, 
and try to split it, notice tliat it ib easily split longitudinally, but 
is difficult to break by pulling at the ends This hard tissue, then, is 
fibrous, very strong, and it gives mechanical support to the stem , it is 
really a part of the ground-tissue, which has become fibrous and hard 

(c) Now examine the bundles which are embedded m the soft 
ground-tissue within the sheath or tube of hard tissue Notice in 
each bundle (1) a whitish hard portion, consisting ohiefly of tubes of 
various sizes, and occupying the centre of the bundle, (2) twogieenish 
soft portions on the inner and outer sides of the hard portion Place a 
pieoe of the living shoot with its cut end dipping into red ink, and 
notice that the ink rises in the middle portion of each bundle This 
portion is the wood, and the tubes it contains are the vessels, win oh 
carry water upwards from the root Split a long piece of stem so as 
to get a strip containing a single bundle , put one end into a gloss of 
water and blow through the other, noting the air which escapes in 
bubbles after passing through the vessels This shows that the vessels 
are long, open tubes 

[d) Next cut aoross a piece of fresh Btem with a drj r knife oi razoi, 
and notice the juice which oozes out of the soft greenish outer and 
inner portions of each bundle These portions are the hast , 1 and they 
also consist ohieflj of tubes, but the baat-tubes, instead of cai lying 
water up the stem as the wood-tubes (vessels) do, cairy oigamo food- 
substances from the leases to other paits of the plant Notice that 
the juice which oozes out of the bast-tubes is thicker than water; 
collect some of it, place it on a glass slide, and test it (1) for starch, 
(2) for proteids, (3) for sugai To test for (1) and (2) add a diop of 
iodine solution , for (3) place some Fehlmg’s solution on the hIuIo with 
the juice and warm it, or oolleot enough juice to place in a test-tubo 
and heat with some Fehling’s solution. 

lej In sections through the youngest parts of the Marrow stem, 
notice that the ground-tissue is complete light aoross the stem, the 
cavity found in the older parts is formed by the contial region of 
ground-tissue (pith) beooming torn as the stem glows thicker Also 
notice that the wood contains only the nanow spiral and rmged vessels, 
and that the colIenck\ma and solerenehyma are not yet distinguished 
sharply from the ordinary ground-tissue 


The Mai row, Cucumber, and some other plants aie oxuoptionul 
m having bast on the inner side of the wood as well as on the outer 
side In most stems the bast ocouis only on the outer side of the 
wood The bast-tubes are called sieve-tubes, because they aie inter¬ 
rupted by cross-walls which are peiforated like a sieve [sieve-plates). 
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284. Sunflower Stem. —Cut transverse and longitudinal sections 
of stem of Sunflower, and oompare its structure with that of the 
Mai row stem (see Fig 73) In the Sundowei the stem is cylindrical, 
not fiurowed , the central ground-tissue does not beoome torn to form 
a oavity , the hard tissue (schlerenohyma) is m separate strands, one 
immediately outside the bast of each of the larger bundles In an old 
stem, notioe that there is a contmuous layei of wood, with a complete 
layer of growing tissue (oatnbium) on its outer side 


INTERFASC. CAMBIUM 

MED. RAY_ 

TISSUE--/ \ 



SIEVE TUBES 

Fig 73 — 1 Tranavowu (upiiei) Longitudinal (lower) tieofciona of Part of a 
Hitnfluwer atom 


285. Bead-Nettle Stem.— Out sections of stem of Bead Nettle 
and oompare with struoture of Marrow and Sunflower sterna. Notioe 
the oentral air-cavity j the ring of bundles ooiiBistmg of a large bundle 
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at each of the four comers of the stem, and smallei bundles between 
these—i e faomg the flat sides of the stem, the projecting corneia 
containing oollenchyma , the shallow an-cavity along each flat side of 
the stem, a little below the epidermis 

286. Maize Stem. —(«) Cut tionsveise sections of stem ul Maize 
Notice that the bundles, although “ soatteied ” thiough the giound- 
tissue, are most crowded towai*ds the outside, and that m each oundlo 
the bast side points towai ds the epidermis and the wood side towai da 
the centie of the stem In tlnn sections stained with aniline ohlonde, 
notice (1) the epidermis of small thick-walled cells , (2) the naiowband 
of sclerenchyma below the epideimis; (3) the oidinary gi ound-tissue 
(parenchyma) of laige thin-walled cells, sepaiated by an-spaces at the 
corners, (4) the vascular bundles, each with (5) a sheath of soleien- 
chyma 

In a single bundle, notice the four conspicuous \essels mnuiged like 
a Vs thus q q 

O 

O 

with nanowei vessels lying between , the patch of clear-looking tissue 
(bast) lymg partly between the two larger vessels , and the more or 
lesB complete sheath of fibres aioimd the bundle The huger wood- 
vessels are pitted , the smaller ones have rings oi spual thickenings. 
The bast, which stands out distinctly m sections tieated with 
aniline chloride (its walls being of cellulose and therefore not stained), 
consists of sieve-tubes alternating regularly with nanow oells (com¬ 
panion-cells), but the tubes are nanow and rather difficult to make 
out dearly Compaie the relative amounts of soleienchyma and of 
vascular tissue (wood and hast) m different parts of the section It is 
easy to see that the hard-tissue (stained yellow with auiline ohlonde) la 
more strongly developed towards the outside of the stem 

In many Monocotyledon stems the outer bundles are embedded in a 
layer of haid tissue which forniB a complete tube , this is well shown 
m slirubby plants like Butchei’s Broom and Asparagus Out sections 
of the stems of these and of other Monocotyledons, also of the iiowei- 
rag stems of Lily, Hyaomth, etc In all cases the bundles aio more 
crowded towards the outside, and the hard tissue is developed os a 
layer in the outer part of the ground-tissue In the ereot stems of 
Monocotyledons, therefore, the “ skeleton ” or supporting tissue is 
disposed in the form of a tube, m spite of the * ‘ scattered ” arrange¬ 
ments of the bundles 

( b ) Out longitudinal sections of the Maize stem (or those of other 
Monocotyledons), and notice the course of the bundles. This can 
easily be done by cutting thick sections passing through the bases of 
several leaves and placing them m oaustio potash foi some time. In 
these plants, and in most other Monocotyledons, the leases have a 
broad insertion, and from them a number of bundles oan lie traced into 
them Their downward course m the stem ib not paiallel to the Bur- 
face, but curved They first run. obliquely downwards towards the- 
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oentre, and then bend outwards again towards the surfaoe. After 
running tbiougli one or two internodos, they join on to bundles passing 
in from other leaves Hence at all levels we have bundles situated at 
varying depths in the giound-tissue, and it is foi this reason that the 
tiansverseseotionof the stem shows a “scattered” arrangement of the 
bundles 

287, Tissues of the Herbaceous Stem.—Prom the fore¬ 
going work on stem-structure it is evident that the tissues of 
a herbaceous stem (and the young parts of a woody stem) are 
of three lands (1) epideinus, (2) giound-tissue, (3) vascular 
tissue (wood and bast) 

(1) The epidermis consists of a single layer of cells, with 
thickened outer walls (cuticle), and bears stomates and often, 
hairs It agrees closely with the epidermis covering the 
leaf, and is continuous with it. 

(2) The ground-tissue consists mainly of thm-walled cells, 
those in the centre of the stem often becoming dried up and 
tom asundei, while those m the legions between and on. the 
outer side of the bundles have various lmpoi tant functions 
The cells m the outer legion (cortex) usually contain chloio- 
plasts, and are supplied with an 1 which enters by the stonmtes 
and tiaveises the spaces between the cortex-cells, these cells 
are therefore, like the cells of the ground-tissue (mesophyll) 
of the leaf, able to make organic substance by photosynthesis 
The outeimost cortical cells often become thick-walled, and 
foim supporting tissue (collenchyma) which differs fiom 
ordinary liaid tissue in consisting of living cells 

The giound-tissue is also modified m places to form scleien- 
chyma, consisting of tlnck»walled woody fibres, which contain 
no living substance but only water, and which, therefore, serve 
a purely mechanical function The sclerenchyma is found 
outside of the bundles, either forming (1) a complete tube 
around the whole stem, or (2) a stmnd on the outer side of 
each vasculu bundle, or (3) a sheath around each bundle 
(what plants afford examples of these three arrangements ?) 
The sclerenchyma of the stem is continued into the leaf, 
where it usually forms a supporting band below each chief 
vein oi above it or in both positions The ground-tissue also 
serves for the conduction of sugar from the leaf, and for the 
storage of starch In Dicotyledons the new strips of cambium, 
which are requued to form a complete ring of growing tissue 
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around the stem, are formed in the legions of ground-tissue 
(rays) which he between the vascular bundles. 

(3) The most important Btiuctures in the wood and the 
bast are the wood-vessels and the sieve-tubes, the former 
serve to cany water upwards fiom the roots, the latter to 
cany oigamc substance, especially pioteids, to the glowing 
parts of shoot and loot. The wood serves also as mechanical 
(suppoiting) tissue, it usually contains fibres and ordinary 
cells (parenchyma) m addition to vessels. 

288. Structure of the Hoot.—The root, like the stem, 
contains vascular bundles, but the wood-bundles are separate 
fiom the bast-bundles and he on alternate radn, whereas in 
the stem the wood and bast are joined to form each bundle 
The vascular cylinder of the root contains from two to about 
eight bundles of wood and an equal number of baBt-bundles 
in Dicotyledons, while in Monocotyledons the number of 
4 bundles is generally much larger. 

# (a) Place the root of a Bean oi Pea seedling (try others as well) m 
some water on a slide, and scrape off the soft outer tissue (epidermis 
and cortex), first on one side and then on the opposite Bide Wash off 
the scrapings (using your wash-bottle), place on the scraped root some 
aniline chloride solution, add a drop of glycerine (which makes tissues 
moie transparent), put on a cover-glass, and examine Notioe tlie 
yellou -stained wood-vessels, and the long cells associated with them , 
sketch what you see. 

# (b) Cut transverse sections of a Bean root at different levels, starting 
a little behind the root-tip , it is easier to do this if the root is hold 
betw een two grooved pieces of elder-pith or of carrot Keep your razor 
wetted with SO per cent, spirit, cut thin sections, stain some with 
aniline chloride, others with iodine solution 

Notice the tissues shown m Fig 74, the skin-layer, many of whose 
cells grow out to form root-hairs , the rind (cortex) consisting of oells 
which are separated at the comers by air-spaces and often containing 
starch-grains, the central cylinder consisting chiefly of the wood- 
bundles (stained yellow with aniline ohlonde), the bast-bundles 
( phloem) alternating with these, the paoking-tissue between the 
bundles, and the sheath surrounding the whole cylinder The inner 
wood-vessels are pitted, the outer ones are spiral, the latter are nairow 
and are formed before the inner vessels, lienoe the term “ protoxylem 55 
is applied to these outermost and narrowest vessels The bast-bundles 
consist chiefly of long tubes, called sieve-tubes , beoause at intervals eaoh 
is crossed by a partition whioh is perforated like a sieve, so that the 
contents (which are proteid substances) can pass through the pores in 
the sieve-plates from one part of the tube to another. The sheath 
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oonsists ohiefly of two layers of oells (mdodemm and pericycle m 
Fig 74), but these two laj era are not very sharply marked m the Bean 
root The penoyole is a very important layer, beoause its oells remain 
oapable of dividing and giving rise to new oells, from the penoyole 
arise (1) the loothts, (2) part of the new wood and hast formed as the 
root grows oldei and thicker, (3) the corl which oovers the suifaoe in 
the older parts of the root. 



Fig; 74 —Tmnnveruo Auction of ft Young Root) of a Dicotyledon ivitli Four 
Htmnds of Wood. 

(c) In roots of CroBH, Mustard, oto , mounted whole and stained with 
aniline chloride or rod ink, also in seotlonfl through loots of Bean oi 
Pea, notioo the formation of rootlets as small swellings (arising from the 
penoyolo) opposite the wood-bundles, Miobo swellings grow out, eating 
their way through oortox and skm-lnyor, and osoape as small pegs 
whiah grow into rootlets The rootlet is enabled to digest the tissues 
through whiah it boies its way, by the cells covering its tip producing 
B F, M. 15 
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ferments sunilai to those found m germinating seeds Do you see why 
rootlets ore arranged in a definite niunbei of longitudinal rows ? 

(d) In older parts of the root of the Bean and other diootvledons 
new tissues are formed, and the root glows tlnoker This is Decause 
the oells of the sheath (penoyole) outside eaoh wood-bundle, together 
with the oells of the oential oylindei whioh lie inside eaoh bast-bundle, 
divide aotively and give rise to new bast and new wood 

Cfut oross-seotions of old parts of the mam root of Bean, Btam with 
aniline ohlonde, and notice the new wood and bast tliat have been 
formed , the original wood-biuidleB (primaly wood) oan still bo seen m 
the centre of the root 

(e) In sections of the root of Maizo 01 other monoootylodons notice 
the large number of wood and bast-bundleB , no sooondary thickening 
occurs m these loots 

289. Continuity of Tissues of Boot, Stem, and Leaf. 

—It is very impoitant to realise that the tissues (epidermis, 
giound-tissue, vascular tissue) of the root, stem, and leaves 
are continuous with each, other. 

The epidermis of the leaf and of young stems is a pro¬ 
tective layer, preventing excessive transpiration for instance, 
and wheie necessary it bears a layer of cuticle or of waxy 
“ bloom,” or a covering of hairs, to help in this function, 
anothei impoitant function is to allow of the passage of 
gases into and out of the plant, by means of the stomates. 
Tlie epidermis of the younger parts of the root serves for 
absorption, and to increase the absoibmg suiface root-hairs 
aie developed. In the older parts of the stem and root, 
the epideimis may be leplaced by cork, which serves chiefly 
for piotection, but allows the passage of gases through the 
lenticels which have the same function as stomates 

The giound-tissue, which ib continuous throughout the 

E l ant, consists primarily of living thm-walled cells, separated 
y air-spaces which form a continuous system and allow 
gases to circulate through the plant. In the root the 
ground-tissue consists of colouiless cells; its chief functions 
are to convey water fiom the root-hairs to the wood-vessels, 
to carry oxygen to the living and growing cells of the root, 
and to store up food. In the stem, the outer part of the 
giound-tissue consists of chlorophyll-contaming cells which 
carry on photosynthesis, especinlly in plants whose leaves 
are very small or do not remain long on the plant— e,y. 
Horsetails, Gkirse, Broom, Asporagus, Bilberiy. Part of 
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the ground-tissue of the stem is usually modified to form 
strengthening tissue (collenchyma, sclerenchyma) The 
ground-tissue of the leaf is simply an extension of the green 
outer tissue of the stem, the cells having larger air-spaces 
between them, and being specially adapted to cany on 
photosynthesis, while the epideimis contains more stomates 

The vascular tissue (wood and bast) is also continuous 
throughout the plant In the loot the wood and bast aie 
in sepaiate bundles, but m the transition region between 
root and stem the root-bundles change in position so that 
the wood and bast foim double or “ conjoint” bundles, the 
wood coming to occupy the inner side of each stem bundle, 
twisting round so that the first-formed vessels (spiral and 
ringed) are nearest the centre in the stem, instead of being 
external as m the root The essential parts of the bundles 
(vessels and sieve tubes) run continuously from loot to 
leaves, the stem-bundles bending outwaids into each leaf so 
that the wood is on the upper side of each leaf-bundle (vein) 
and the bast on its lower side 

We have therefore three systems of conducting channels 
running through the plant (1) the wood-vessels which 
carry water and dissolved salts, (2) the bast-tubes (sieve- 
tubes) which carry manufactured organic food, especially 
mtiogenous substances, (3) the air-passages between the 
cells of the ground-tissue, through which air circulates, the 
exchanges of gases betwoen the atmosphere and the living 
plant-tissues taking place chiefly tlnough the stomates and 
the lenticels 


290. The “Skeleton” of the Plant. —We might com¬ 
pare the hard parts of the stems, roots, and leaves ot a plant 
with the skeleton of an animal, since these hard parts support 
the plant and help to keep it firm and strong 

Why are the hard tissues of the stem arranged m a hollow cylinder, 
or tube, like the pillars that support the galleries in buildings l Why 
are they paoked together towards the centre in the oaee of the 1 * 00 1, 
forming a tough central cord ? Why are tho chief bundles 111 the leaf¬ 
stalk arranged, like the letter U in a oroafl-section ? Why are the chief 
veins (bundles) of the leaflet arranged like a feather, and why do 
they project on tho lower side of Sic leaflet v Why are the finer 
leaflet-veins ai ranged m a mitwoik 't 
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Most of these questions oan be answered by considering the results 
of simple experiments on the bending of a beam of wood (oi other 
material) dimly fixed at one end and loaded at the other The lower¬ 
ing of the loaded fiee end is (a) proportional to the load, (b) propor¬ 
tional to the cube of the length of the beam, (c) inversely proportional 
to the breadth of the beam, (d) inversely proportional to the cube of 
the depth of the beam 

From (c) and (d) we see at once why it is so much moro advan¬ 
tageous to inoieose the depth than to increase the breadth of a beam. 
For when the beam is bending, the upper side lengthens and the lower 
aide shortens, but the middle poition of the beam neither lengthens 
nor shoitens Exactly the same applies when the beam in set upuglit 
instead of horizontally, and force ih applied to it from one side lltmoe 
it is a good plan to put the hard matenal neai the outside, and Him m 
done in the girder, whioh is I-shaped in oioss-seotion It we want an 

S lit tod to lesist bending before winds connng from noith, cast, 

, and west, we need two joined gndeis crossing at light angles 
In suoh a stniotm , e the central part is oleaily unrfer little strain as 
compared with the outer parts, theiefoie it would bo bettor to put all 
the material on the outside and make it into a squaie tube or, butter, a 
cnculni tube (to lesist the bending eflects of winds ooimng irom all 
directions) 


Clearly, then, the strength of the upright structure (stem) is, imvu 
the mme amount of mate* ial i very greatly in 01 eased if the hard matenal 
is placed toioai ds the outside, m the /own of a tube If you think over 
these points in the “ mechanics 13 of plants you will see how the plant 
successfully meets the mechanical needs of the various parts and at tho 
same time the need for economy in the amount of material used to 
make the parts strong enough The leaflets have to be supported and 
spread out to air and light, the stem 1ms Hi cai ty tho loaves and 
branches and has also to least undue bending befoio the wind 
The root, on the other hand, being embedded in the hoiI lias no 
weight to support, but it lias to keep a film hold of the soil (tho root- 
hairs help greatly in this), and it must be able to resist pulling or 
tugging strains. Hence the best arrangement for tho root is to have 
theliaid tissue at the centie, forming a compact cord 
There is gieat diveisity m the arrangement of tho haul tissue 
(solerenchynia), winch is, next to the wood of the vascular bundles 
the most important supporting tissue or “ steroom” (hard-tissuo) of 
the majority of erect herbaoeous stems Solcronoliyma-fibros, which 
occur among the vessels in the wood as well as m separate bands or 
strands outside of the bundles, are dead cells (like those which make 
up the wood-vessels); whereas collenchyma- colls aie living, and can 
carry on assimilation, and aie also capable of growth, tho walls not 
being hard and woody, as m eclerenohyma In some plants— c t u t 
Grasses, Sedges, Horse-tails—the epidermis contains flinty substance 
(silica) which helps in giving iigiditv J 

Cut cross-sections of various herbaoeous stems, stain with aniline 
chloride, and e\anuno with lens and microscope, giving tmooial atten¬ 
tion to the arrangement of the mipporl mg tissue m tho vascular bundles 
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(wood), Holerenohynia, and oullencliyina Of spooial interest are ridged 
and winged stems (Gorse, Bloom, Bilbeny) unci the atoms of Grasses, 
Rushes, and Sedges 

201. Is the 11 Skeleton ” alone able to keep the Young Shoot 
ereot ?—What happens if you xmll up a whole seedling, & y Bean or 
Sunflower, oi out oft the shoot, and let it lie on the table ? Why does 
it turn limp 9 Weigh a shoot after eiitting it off, then weigh it after it 
has been allowed to wilt what has the shoot lost 9 How can you make 
the limp shout beoumo stiff* again 9 Why is it useless to try to lestoie 
a shoot that has boon allowed to lie too long and has bocome ary ana 
witlioiod * 

292. How are Limpness and Firmness produced.-— 

It is due to osmosis that the shoot turns limp, or flaccid, 
on losing water and recovers its firmness on being placed m 
water 

* ( a ) Cut off a seedling’s shoot and put it into 5 per cent, 
salt solution it becomes limp after a time (why p ) Take 
the limp shoot out of the solution, wash it under a tap, and 
set it in water what change occurs, and why Y 

(b) Is it necessaiy to put the whole shoot in the salt 
solution ? Place one fresh shoot with its cut end and another 
with its free leafy end dipping into the solution and attei- 
wards into water 


293. Flasmolysis and Turgidity.— The shoots used in 
these experiments are not killed unless the salt solution is 
made too strong oi they are left too long in it Prove this by 
pulhng up whole seedlings and re-planting them, after making 
them wilt in the salt solution 

(«) Out BoolioiiH of a piece of flesh beotioot , mount aeotions 
Hamratelv m (1) watoi , (2) Balt solution, (3) alcohol In (1) notice 
thtTluvci^ of pioloplasni (“pnmordial utricle”) lining the cell-wall, 
awl the loci sap tlHiug tlio oavity (vuouole) of the cell; soine the 
oolls will be out open, allowing the sap to eaoape In (2) noil 
tliftt the pumordial ulriolo oontroota from the oeU-woll, but still 
oontmns the rod sap, whioh does not eHoape from the living oell In 
(3) notice that the red sap diffuses out of the oells, whioh have be 
killed by the nloohol 

» lb) If you have no imoioBoopo, the following simple ^SjThTl m 
give you some idea of turgicf.ty Out apieoo, about,Jihy V by 
out of a fvenh beetruot, and uotloe the way in wtoli it rmists 
being bent between your thumb and foiehnger applied to its ends 
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Then place it in salt solution, and notice that it bonds much moio 
easily (why*), then place it in water until it becomes still again (by 
the cells becoming turgid) Then place the piece of loot in boiling 
water for a few minutes, rinse it m cold water and see whotliei it can 
be made turgid again. 


294. Tension Caused by Turgidity. —Aie all tlie cells of 
a growing plant equally turgid ? Have you evei noticed that 
the cut ends of flower-stalks (e g Daffodil 01 Tulip) dipping 
into water become split in a peculiar way, and that the split 
pai ts curve outwards and upwards ? 

(a) Make shoit slits in the out end of a seedling stem (01 the fiower- 
mg-stalk oE a Daffodil, Tulip, Bluebell, oto ) aud set it m water The 
ourling of the slit parts is evidently due to tlio inner cells abaoibing 
water more rapidly than the outer ones 

In addition to the three supporting or 41 skeletal ” tissues 
—wood-vessels, scleienchyma, collenchyina—the oi dinary 
thin-walled tissue (parenchyma) plays an important part m 
maintaining the rigidity of herbaceous stems as well as of 
petioles, leal-blades, and flower-stalks, by the turgidity of its 
cells In a herbaceous stem the pith has a strong tendency 
to elongate, but this is hindered by the outer tissue, and the 
state of strain thus set up tends to keep the stem rigid and 
erect The outer tissue is on the stretch, tending to shorten, 
while the lnnei tissue is under compression 

If a strip of Sunflower stem 50 ems long is cut out and 
the soft tissue (pith) separated from the outer tissue, the 
foimer suddenly lengthens to over 60 ems, while the latter 
sin inks to 45 crus In the same way, if we cut a turgesceni 
stem, say of a young Elder twig, flat on two opposite sides 
and then bisect it, each half bends outwaids, the pith and 
cortex assume them proper lengths, the foimer expanding 
and the latter contracting. 

By finding what atiength uf salt oi sugai solution is needed to bring 
about plaemolysifl, we get a lough idea oi the osmotic fotoo uf the ooll- 
sap Saltpetre solutions ore generally used, a 1 % solution of this salt 
(nitrate of potash, KNO a ) exerts a pressure of 3£ atmospheres 

The osmotio pressure within living oells is often much greater thou 
tlnB In the pith of Suniiowei it is about 13 atmospheres, that is, a 
pressure of 13 atmospheios would be needed to prevent the isolated 
pith from expanding. In the pulvmus, oi motor uigan, of a Scarlet 
Runner leaf the pieBSure is about 11 atmospheies, in the cambium of 
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296. Annual Brings of Wood. —In a, cross section of a 
tree trunk 01 a thick branch, 1 a senes of concentric lings 
(really, of couise, layers) can be seen in the wood Each of 
these rings coiresponds (noimally) to one year's growth 

The wood formed in spang has laige vessels which are 
lequlied for the rapid transport of water to the young leaves, 
and it is softer than the hard compact wood foiined latei in 
the year as the rapidity of giowth deci eases and the leaves 
tranypne and assimilate less and less actively. In autumn 
the formation of new wood ceases, reseive foods aie stoied 
up, and the lesting-bnds (Oh XII) aie usually by this time 
(about the end of August) fully developed In spung the buds 
open and the young leaves expand, the cambium, being well 
supplied with food, again begins to glow actively and to form 
new spring wood. The transition from spring to autumn 
wood may be gradual, but there is an abrupt change from 
the autumn wood (containing nairow vessels) of one yeai to 
the spring wood (containing wide vessels) of the next. 

Yarious causes wlncli bring about fluctuations in the 
amount of food 01 of water supplied to the cambium may be 
responsible for the occasional pioductionof seveial“annual" 
rings in one yeai, for instance, an extra “img" is formed 
when tlie early leaves of trees are damaged (by frost, cold 
dry winds, insects, etc) and “Lammas shoots" (moie 
correctly “ midsummer shoots ”) aie produced 

297- Bays, —Running outwardly from the centie of the 
stem are numerous bands, the medullary rays, 2 3 which serve 
paitly for the sboiage of starch and oil, and partly foi the 
honzontal conveyance of food matenals and watei. They 
also serve to bind together the successive layers (“lings”) of 
wood, and thus make the wood compact and strong The 
rays are vertical plates, them height varies, but they must 
not be thought oi as sheets of tissue running continuously 
from tlxe base of the stem to the apex The rays can often 

1 Old roots undergo growth m thickness (beginning m a lather 

different way), just as stems do, and show annual rings 

3 The rays, though called medullary oi pith rays, do not all extend 
into the pith; most of them stretch from the cambium to an annual 
ung (adciitional rays are formed eaoh year) 
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be seen very plainly on a square Pine match ; two opposite 
faces show the rays as bioad, shiny, horizontal streaks (radial 
faces), while on the other two (tangential) faces they appear 
as narrow vertical streaks 

298. Heart-Wood and Sap-Wood.—In old trees show¬ 
ing many annual rings, the central region of secondary wood 
is often distinctly marked off from the outer region This is 
largely due to the wood-cells losing their contents and to 
changes m colour and m chemical composition of the walls of 
the wood-vessels The central region (heart-wood) is hardei 
and darker than the peripheral region (sap-wood) 

It is almost entirely by means of the young sap-wood that 
water is conveyed upwards from the loots to the leaves As 
the wood grows older it becomes unable to act as a channel 
for the passage of watei. Hence the importance of the 
addition of new layers of wood is two-fold • first, it provides 
a connected senes of new channels for the ascent of water as 
the old ones become functionless ; and secondly, it mcieases 
the strength of the stem as the weight of the uppei portion 
of the tree increases. 

299. Knots.—The knots which occur in wood ai e branches 
which have become surrounded by the new layers of wood 
produced as the stem increased in thickness Carefully 
examine logs of vanous lands of wood, and find out all 
you can about the history and mode of formation of the 
knots 

Do the knots run right through the tree-trunk from outer 
surface to centre ? What has probably happened, and how 
many years ago, when the knot ends abruptly and is covered 
on the outer end by the new wood-layers ? How does “ Bird’s- 
eye Maple” gets its name, and what are the “eyes” m its 
wood ? Why is a knot usually much harder than the rest of 
the wood, and why does it fall out readily fioin a plank or 
board ? 

300. Cambium.—The chief function of the cambium is 
to produce new tissues. The cells of the cambium-layer are 
living and capable of active growth and division, the new 
cells formed being mostly converted into new “water-tubes ” 
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new “food-tubes,” and new fibres, while some remain un¬ 
altered (beyond growing m size and changing in shape) and 
add to the living cells present in wood, bast, and rays. 

The shoot is continually growing and producing new leaves and 
buds, so that year by yeai the number of leaves is becoming larger. 
This involves a yearly morease in the weight of branches and leaves to 
be supported and spread out to light and air The blanching of the 
loot means a continually growing area of absorbing surface, in the 
form of root-liana, in the soil, and since the root can make no oiganio 
food to supply its moreasing needs, more and moie leaf-manufaoLured 
food must he conveyed to it 

All this means an inoreasmg demand for moie wood-tubes to oonduot 
watei and salts from the roots, moie bast-tubes to oonduot oiganio 
food from the leaves, more strengthening tissue (fibres, whioh act 
solely as strengthening structures, and wood-tubes, winch serve this 
pm pose in addition to that of conduction), and more tissue m whioh 
food can be stored (e y the rays) 

It is obvious that this important zone of growth is most favomably 
placed in the plant It is well protected from external influences, and 
well supplied with necessities ot life On its immediate inner side are 
the wood-vessels along which the watei and inorganic salts pass fiom 
loots to loaves , while touching it on its outei side is the bast thiough 
wliiah manufactured food niatonals are sent for distribution through¬ 
out the plant Moreover, running through the cambium aio the 
medullaiy lays, from which it can draw Bupphes of food when, as in 
early spring, no new food is being mode by photosynthesis 

Besides the functions mentioned above, the cambium plays other 
parts under certain conditions. It is involved m the processes of 
pruning, budding, grafting, propagation of plants by cuttings 
(“ slipB ”), and m the healing of wounds on the stem (Ch XXV.) 

301. Cork and Bark. —It is evident that the internal formation 
of seoondaiy wood and hast must exert considerable pressure on the 
outer tissues, which aie stretohed and eventually ruptured. To 
provide for tins there is the foimation of new tissue from a growing 
layer developed in this region This layer is the cork-cambium. In 
the majority of cases it arises in. the outoimost layer of the cortex, im¬ 
mediately below tho epidermis The young cells given off to the outor 
side of tho ooi k-oambmm form the cork. This tissue, being imper¬ 
meable to water, outs off tho epidermis fiom nourishment. The epi¬ 
dermis dies and peels off as the first bark of the tree The oork is 
developed to replace the epidermiB and carry on its functions 

302, The Bark may be defined as the dead tissue lying 
outside an active cork-cambium We have already indicated 
what the first bark consists of The first cork-cambium 
formed may persist for a large number of year’s, or even 
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throughout the hfe of the tiee In such cases, e </ Birch, 
Beech, there may he a considerable foimation of bark owing 
to the dying off of the older coik-layors. But in most cases 
this first cork-cambium dies, sooner 01 later in those plants 
where it has a superficial ongm, early in those where it is 
deep-seated It is replaced by a new cork-cambium developed 
m the deepei tissue This produces a new cork-layer, and as 
a result all the outlying tissues (the ongmal cork, etc ) die 
and are added to the bark If the succession of secondary 
cork-cambiums is rapid, it often happens that the cork comes 
to he close to the bast, and in some cases the new cork may 
even arise m the bast, e g Vine and Clematis 

In some tiees the bark comes away in sheets, and is spoken 
of as ring-bark. This may be due either to the fii st cork- 
cambium bemg peisislent or to the successive coi k-cainbiums 
appearing in the form of regular rings But in most trees 
the baik is given off in scales (scale-bark), this is due to 
the fact that the secondary cork-cambiums do not arise as 
regular lings 01 layers, but m the form of curved strips. 

303. Lenticels.—In the young green shoot the epidermis 
lias stomates allowing ior the free entry and exit of gases. 

When the coik-tissue 
is developed we usually 
find certain structures 
known as lenticels, 
wluch usually form 
small oval patches on 
the surface of the shoot 
In Buck the lenticels 
aie long, transverse, 
and very conspicuous 
on the white baik 
Sections show that at 
these points the cork- 
cells are not in close 
contact, hut have sepa- 
lated from each other and form a loose powdery mass through 
which gases can readily pass (Fig 75) 

These lenticels are as a rule developed immediately under¬ 
neath the stomates, Wheieathick mass of cork is developed 


EPIDERMIS LOOSE CELLS 



PHEi_LOGEJ4 CORTEX 


Fig 75 —Huuilun through a LimtluuL 
PlielJogun s= Ooik cambium. 
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they form long passages or canals, filled with the powdery cork- 
cells, as, foi example, in the ordinary cork of commerce 
The lenticels are closed m winter by the formation of 
01 dinary compact cork-tissue There are air-spaces between 
the cells of the cortex and of the medullary rays, so that all 
tlie hying tissues are aerated by way of the lenticels 


304 Practical Work on Woody Stems.— 

(rc) Cut sections of twigs of Eldei, Willow, Elm, Oak, or other trees, 
and notice m the yoxuigest pruts the separate bundles arranged m a 
ring. In the older parts note that the continuous cambium has pro¬ 
duced a solid mass of wood on its inner side, while the surface of the 
stem has beoome oovered by a brown coating of cork Peel off the coik, 
and notice the green cortex, then a zone of oolourless tissue (bast), 
which is separated from the hard wood by a moist sticky layer (the 
cambium) Cut sections and stain some with aniline chloride, others 
with iodine. In tlie wood, notice the lays and the “ungs ” Look for 
trees showing stages m healing of wounds wheio In Miches have bioken 
off Compare the wood of various common tiees ; make a collection of 
polished slices Find out all you can about tun hem—density , bald¬ 
ness ; uses, “ siivei-giam ”, “bun’s”, “shakes”; cankm, dij 7, lot, 
and othoi diseases, etc 

(h) Noxt out a thin shoe out of the thickest pait of a branch with a 
saw, and rub down one of tlie cub surfaces on fine glasB-paper until it is 
very smooth Examine it with the aid of a lens, and note tlie paits as 
indicated m the preceding paragiaphs (Arts 205-303) Examine logs 
of wood allowing the out suifaoes, or the cut stumps of tiees in a wood 
or plantation. 

(c) Strip the cork-layer from twigs of Elder and other plants winch 
show lenticels plainly on the smfftco, and notice that lenticels are not 
merely surface-marks, but that they pass light thiougli the coik to 
the gieen cortex-tissue. Stup off, layer after layer, the bark of a 
Birch twig, and notice that the lenticols go through all the layers 

(rf) Dip a twig of Elder, Birch (or othei plant which shows lenticels 
plainly) into boiling water, and notice the air-bubbles which escape 
from the lenticels. This shows that the green outer tissue of the 
stem has air-spftoos, and that gases can pass through the loose lenticel- 
tissue. 

(e) Fix one end of a out twig (about 4 ms. long) of Elder or Biroh 
seourely into the short limb of a J-tube , seal tlie free end by oovenng 
it with plasticine and then tying on a piece of stout rubber tubing, 
folding the latter over and again tying it to tho twig. Put the whole 
into a jar of water, so that the twig is below tlie surface, and pour 
mercury into the long limb of the tune, an-bubbles escape from the 
lentioels, 
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305. Forms of Stem.—In some plants the aerial portion 
of the stem is very short, so that the leaves seem to spring 
from the top of the loot, while arising from the centre of the 
tuft of leaves is the upright flowering axis Such leaves are 
often said to he radical, and the condensed portion of the 
stem, together with the upper part of the root, is known 
popularly as the “ root-stock ” Very commonly this is peien- 
mal, and forms flowers and new tufts of leaves year after 
year, as in the Plantain, Daisy, and Dandelion 

Most stems grow m the an, but many are buried in the 
soil Some are soft (herbaceous), otlieis hard and woody 
(chiefly in arboreous or arborescetU plants, i e shrubs and 
trees) In our later studies we shall find that the stems of 
plants assume an immense variety of forms in connection 
with special adaptations 

Many plants produce special branches which seive for 
vegetative propagation, ie multiplication apart from seed- 
formation This is especially common among low-growing 
or “ ground-hugging ” plants 

Runners are long slender branolieH win oh grow along the surface 
of the soil. They are easily studied in Strawberry, Daisy, Sweet 
Violet, and Coltsfoot. In the House-leek and vauous Oiassulas thu 
runners or 11 offsets ” aio slioi t, and oany out laigo looting buds finni 
the parent plant 

The “suckers” of Rose, RospbeiTy, and Mint aie lateial blanches 
arising below the level of the soil, winch grow upwaids to foini sub- 
aenal stems boarmg leaves and flowers The undergiound portions of 
such stems resemble loots, and are white or pinkish m ooloiu. Then 
true character can, howevoi, be told by then axillary exogenous 
development, and by the ooouirenoe of scale-loaves upon thorn In 
some oases (Roses and Poplars) the suokera ariHo endogenously fiom 
mobs, but the growing apex soon becomes bko that of a atom. 


306. Underground Shoots are commonly used for the 
storage of food, and they may serve either for the main¬ 
tenance of the life of the individual when the parts above 
ground aie killed by winter frosts, or for the production of 
new individuals by vegetative propagation They may be 
distinguished from roots by the fact that they hear leaves or 
buds, and by theii origin from buds borne in the axils of 
leaves or leaf-scales The four chief types of underground 
shoots are Rhizomes, Tubers, Oorms, and Bulbs 
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307. The rhizome is a stout or slender stem, winch usually 
grows horizontally a short distance beneath the surface of the 
soil Stout and partially upright rlnzomio steins are some¬ 
times termed “ root-stocks,’ but they can be disting uished 
from loots by the fact that they bear leaves and buds, as 
well as by their internal structuie Usually only small 
brown membranous scale-leaves anse directly from the 
rhizome, the green fohage-leaves being borne upon erect 
oenal shoots Numerous adventitious loots aie present, 
wlncli grow out mainly fioin the under-surface of the inizome. 



Fig 7fl.—Rhizome of Sedge (Ouvex) iu Suiumei 
Flo waring riiootw of (0 lfwt yeur, (II) thla yeai, (III) next yeai, 
(IV) year next bub one 


and usually near to the bases of scale leaves—that is, from the 
“nodes ” Rhizomes often hianch to a slight extent, and each 
branch when separated, eithei artificially or by the decay of 
the older parts, is capable of forming a new plant. 

Year by year a rhizome travels to fiesh poitions of the 
soil, often slanting upwards, but in that case the new parts 
are dragged down to the same depth by the contraction of 
the roots. 

As examples, you should study the rhizomes of various 
Grasses ( e.g . Couch-grass) and Sedges (Fig. 76), Ins, Solo¬ 
mon’s Seal, Wood Sorrel, Wood .Anemone 

308. The stem-tuber is a swollen underground stem con¬ 
taining stored food-materials and bearing buds. Examples 
are afforded by the Potato and the Jerusalem Artichoke 

Examine tubers of Potato, also whole plants freshly dug 
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up Plant tubers in soil and in sawdust, keeping some in 
darkness and others in the light 

Do any of the tubers show at one end a stalk or the 
withered portion of a stalk ? Notice the “ eyes ” each eye 
is a small outgrowth sunk m a pit on the surface of the tuber. 
Carefully examine one of the larger eyes . is it a solid body, 
or does it bear any appendages ? Wliat do you think the 
eye w P Are the eyes scattered all over the tuber uniformly, 
01 are they more numerous at one end of the tuber ? Can 
you make out that the eyes are crowded at the end furthest 
from the remains of the stalk which attached the tuber to 
the parent plant ? If so, we may call one end the “ oye end ” 
or “ bud end” 01 “growing end,” the othei the “ stalk end ” 
01 “barren end” Have the eyes any definite anungement 
on the tubei, or aie they scattered anyhow over its surface? 

Try to determine the position of the eyes by fixing a pin 
m each eye and joining the pms by a piece of* thread The 
eyes are arranged m a spiral, the sixth eye being in a 
straight line with the first, the thread in going from the 
first to the sixth eye goes around the tuber twice. Compare 
this arrangement with that of the buds on an Oak twig and 
of the leaves on a Wallflower 

Plant tubei s m the gaiden or m pots, some m moist saw¬ 
dust, some in moist soil, some m water, some m damp air in 
covered vessels, some with the bud end upwards, somo with 
this end downwaids, some cut m two, separating bud end 
from stalk end, some cut into several pieces with an eye or 
without an eye After a week or two, when the buds begin 
to sprout, it will be easy to tell the bud end from the stalk 
end Will the buds sprout if a tuber is kept in darkness? 
Do all the specimens gam m weight P Winch do not ? In 
the case of specimens that gam in weight, where does the 
extra material come from ? In the case of specimens grown 
in darkness, at what stage do they die? In what other 
respects do specimens grown m darkness differ from those 
giown m the light ? Why do tubers with spioutmg buds 
turn soft P Chop up some sprouted tubers, shake up the 
pieces m water, then filter, and test the filtrate for ( 1 ) 
starch, ( 2 ) sugar J 

In examining plants grown from tubers, note that the 
new tubers are simply the swollen ends of branches, which 



THE GROWTH OP ROOTS AND STEMS. 


241 


can be traced back to tlie lower part of tlie stem and arise 
from it in the axils of small leaves In seedlings it is 
easy to make out that the tuber-bearing blanches come off 
above the cotyledons, so that the tubers aie not loots, 
bemg developed above tlie root-system. Why aie potato- 
fields ndged, with the plants occupying the ridges ? Why 
is the sod heaped up around the plants ? What happens 
if you do not “ lidge ” a Potato-plant in the garden ? Have 
you ever seen tubers growing in the air, m the axils of foliage- 
leaves ? What happens if you cut off the undei ground tubei- 
beanng branches P 

Gut across a Potato tubor, and tost with ludmo solution Put a 
drop of water on a glass shdo and dip a out pieoo of tuber into the 
water* notice the small white staroh-gramH which escape from the 
oponod-up cells of the tubor and become suspended m the waLer If 
you have a microscope, examine the giams, some ot winch will show 
delicate lines corresponding to thm htyeis limit up aiound Llie tirsl- 
formecl portion of tho gram Do the lines mil evenly mound the centLe 
of the grain, 01 aie they uIobul togethoi at one end’ These stuioh- 
gianiH are formed from sugai, by the activity of small coloutlcss proto¬ 
plasmic bodies called leucoplasts, distinguished fiom the chloi op/ants 
found in gioen parts by containing no chlorophyll and by being unable 
to build up sugar and staiuli fiom oaibome ocicl 

Compare the lesults given with tho iodine test m veiy young and 
small tubers with tlie starch-content of huger tubers. Compute the 
taste of (1) veiy young tubers, (2) fully dev eloped tubers, (3) tubeis 
which have sprouted and given out well-giown shoots. Test tubers in 
these diffeicnt stages foi sugar with Folding's solution Does the 
tuber contain any other kind of reserve-food besides staioh’ 8have 
off a very thm shoe from the outer portion of a tuber and test it with 
iodine the outer layer contains p)ota%ds. Note the layer of tork 
which foims a skin ovei the tuber ; if tins is shaved off, a new layer is 
formed What is the use of the corky skm ? 

309. The corm is a shoot whose basal stem-portion 
becomes swollen and filled with food-materials after flowering 
has taken place. The conns of two oi three years often 
stick together so as to produce what may be regarded as a 
condensed form of rlnzome bearing axillaiy buds either 
laterally (Colohiwm), as in a creeping rhizome, or on the 
upper surface ( Crocus ), as in the upright type to which 
the name of “root-stock” is often applied. The swollen 
portion of the conn is packed with food-materials, and beais 
a few brown scale-leaves. 
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The buds develop m spnng into erect floweimg shoots at the 
expense ot the stored food-materials, while adventitious roots 
arise troin the base of the bud and also fioin that ot the 
condensed stem Later 111 the year, when floweimg is over, 
the new supplies o± food-material, together with any remain¬ 
ing m the old conn, aie stored up in the basal portion of the 
flowering shoot, which swells to form the new currn The old 
conn shrivels up, and a bud aiming fioin the new one forms 
the flowering shoot of the next yeai when winter is over, the 
life history being lepeated m this manner fiom year to year. 

Additional buds may sometimes develop m the axils of 
the outei leaves, each producing a new corm, and these sub¬ 
sequently sepal ate and form new plants, the same piocess 
occurs m bulbs 

310. The bulb only differs fiom the conn in the relatively 
smaller size of the stem, and in its investment by thick fleshy 
leaves, which contain laige stores of leserve food As m the 
corm, adventitious roots arise from the base of the stem, 
which usually assumes a discoid shape In scaly bulbs 
(LilieB) the fleshy scales, of which the bulk of the bulb is 
composed, simply oveilap at their margins, whereas in tuni- 
cated bulbs (Onion, Hyacinth) the outer leaves are laige and 
completely ensheathe the inner portions of the bulb The 
colomed menibianous coveimg on the outside of such bulbs 
is f orrned by the shnveiled remains of the leaves of a previous 
season 

Bulbs, tubers, and conns alfoid a means of perennation 
and also of vegetative propagation They occur most com¬ 
monly m the gioup of Monocotyledons See Oh XXIV. 

311. Spines '—In many cases stems becomes metamor¬ 
phosed into spines which terminate m a hard, sharp point 
instead of in a bud or soft growing-point Many or the 
branches of Sloe, Hawthorn, etc, become modified into spe¬ 
cial protective organs of this nature That they are really 
branches which have ceased to grow and whose tips have 
become bard and sharp-pointed is indicated by the fact that 
they arise in the axils of leaves, and that they may bear 
lateral buds oi even small foliage-leaves. Such spines 
possess a central cylinder of vascular tissue, which is 



THE GROWTH OF ROOTS AND STEMS 243 


continuous with that of the stem, as can [be seen when they 
are torn oft* 


Spines may also be developed either 
from the edge of the blade The 
branched spines of the Barbei ry are 
modified leaves, for in their axils 
buds are present which may develop 
into leafy branches or flowering ones 
Moreover, the same Bai berry plant 
(Fig. 77 ) is often found to exhibit 
mteimediate forms between leaves and 
spines 

The foliage-leaves of the garden 
A.cacia (Eobitua) have a pair of spines 
winch arise at the base of the leaf- 
4 talk, and these are really modified 
divides. The thorns of the Gf-orse 
[Ulan eurojmem) are either modified 
nunehes 01 modified leaves, foi some 


from entile leaves or 



>f them bear buds m their a\ils, and ^ 7 r -Bm» 0 i. of l^bony, 
ire distinctly narrow-pointed leaves, tmiiHitionuf Fuihigu 

vliereas others form the hard sharp- 11 ' v noti 

jointed ends of branches. 


312. Prickles and Hairs may be scattered irregularly 
>ver the surfaces of plants, the former mainly on the stem, 
>ut the latter on the stem, leaves, and roots Hairs may 
.ssuine a variety of shapes, but they are always derived from 
he layer of cells forming the epidennis, or first outer skin, 
f plants, and hence they fall off when cork is formed. The 
Itinging Nettle lias several kinds of hairs, the largest of 
dnch are the stinging hairs The point of the stinging han 
i foimed by a sharp, thin, buttle scale of silica, which breaks 
ff in the skin, leaving a tiny wound into which the acid 
uce contained in the hair is squirted by the contraction of 
10 swollen base. 

Hairs are frequently glandular and often sticky In the 
itter case they are of use as a protection against obnoxious 
eeprng insects, which are frequently caught and retained 
Y tlie glutinous secretion The leaves of a few plants, such 
4 the Butterwort (Pinyuicula) and the Sundew ( Dromu ) 
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Lave actually acquited the power of partially digesting injects 
wliicli aie so unwary as to be captuied m this manner 

Prickles such as those of the Pose are usually classified as 
“emergences ” This term is merely a conventional expies- 
sion for all nregularly situated outgrowths from stems or 
leaves of constant occunence and definite shape, hut which 
are neither hairs, roots, blanches, leaves, leaflets, nor stipules, 
and which neither bear buds m them axils nor arise in the 
axils of leaves Emergences arising from the stem usually 
contain no vascular tissue, and hence, when removed, they 
leave only a superficial wound (as m Boses and Brambles) 
Each of the stalked glands on the leaf of Sundew, which are 
also regarded as emergences, contains, however, a strand of 
vasculai tissue arising fiom one of the vems of the leaf. 

Prickles, of course, serve to protect the plant fiom the 
attacks of herbivorous animals, but they often do more, 
especially when they curve downwards as they do m the 
rose and bramble, for in this case they are so many hooks 
that help to support the stem, and therefore assist the plant 
m climbing among the sunounding bushes and herbage. 

An acquaintance with plants m their habitats teaches us 
that the formation ai^d development of hams, spmes, and 
pncldes depend to a gieat extent on external conditions 
Thus, the same plant that pioduces these parts when growing 
in a poor, dry soil fully exposed to the lays of the sun, becomes 
a much softer and less aggressive character when grown in a 
rich, moist soil Under the former circumstances the plant 
not only protects itself from heibivorous animals, but also, 
by converting some of its buds and leaves into spmes, leduces 
the amount of its foliage, and thus economises its scanty 
supply of water. 

Many succulent plants, however, which grow m chy situa¬ 
tions, such as the Stone-ciop ( Sedwn ) or the House-leek 
(Semyei'vivmi), show but little or no tendency to form bails, 
prickles, or spmes, since they have other means of cheeking 
transpiration (thick cuticle, etc). The Best-banow (Ononis 
aivensw) has no spines when grown in rich, moist soil, but in 
dry, exposed situations most ol the branches end in hind, 
sharp points 

The hams present on the stem and leaves are always cuti- 
nised, and usually almost impermeable to water. They sorve 
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to protect the plant, and especially the young growing organs, 
from an excessive loss of water. Hairs when thickly set also 
help to protect sensitive growing organs from excessive illu¬ 
mination, which retards their growth and may injuriously 
affect them Similarly, a close covering of hairs is of some 
importance m retaining heat during the night and thus 
keeping the plant warm, while hairs are also of great value 
in preventing the surface of the plant from being wetted by 
min The hairs borne by the root (root-hairs), on the other 
hand, have no cutin, and are very peimeable to water 


QUESTIONS ON CHAPTER XI 

1 Explain how you would investigate the iate of growth in length 
of a root, indicating the precautions you would observe m conducting 
your experiments Ulustrato yom answoi Liya diaginm 

2 Dosonbo simple expoumontH to show by what paths water tiavels 
through the plant from roots to leaves 

3 What are the mam funotious of roots ’ How are they adapted to 
carry on those fuuotions ? 

4 How is the rodiolo of a seedling enabled to penetrate stiff soil 9 
How may tho force exerted by tho radicle he measured ’ 

5 How oan it bo proved that the direction of growth of a root 
is a response to the stimulus of gravity 9 Explain the term “ geo- 
ti opium ’* 

6 How is the direotion of growth of a root affected by moisture ? 
Why is it advantageous to tho plant that tho stimulus due'to moisture 
is able to ovoroomo that duo to grnvit.y 9 

7 DcHoribo tho structure of the stem m any Monocotyledon, as seen 
in longitudinal and m Uansveise sections. 

8 In what features of struotui e and function do the vessels of the 
phloem (sieve-tubes) differ from those of the wood? 

9. What is the vascular bundle 9 Of wliat parts does a vosoular 
bundle m the stem of a Dicotyledon consist, and what are then 
respective functions ? 

10. Explain tho structure, as seen m transverse seobitm, of a twig of 
any Dicotyledonous tree. 
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11 State generally what is the composition of a vascular bundle 
Describe the longitudinal course of the vascular bundles in the stem of 
any Dicotyledon 

12 What is the cambium ? Explain where you would find it in the 
stem of a tree, and what is its impol tance 

13. What is meant by a “vessel”? What are the differences 
between the vessels of the wood and those of the bast ? 

14 What is a “growing-point”? What is the difference between 
the growing-points of stems and those of loots ? 

15 Desonbe the way m which the stem of a Dicotyledonous tree 
grows in thickness, and explain how it is that its wood shows annual 
rings 

16 The stem of an Oak tree continues to grow m thickness so long 
as the tree lives, whereas the stem of a palm-tiee does not grow any 
thicker when onoe formed. Explain the oause of this diffeienoe 

17 Along wliat tissue does the sap ascend in a stem in its passage 
from root to leaf 9 How would you endeavour to piove by experiment 
the truth of your statement 9 What other movement of liquid sub 
stance takes place m plants besides the ascent of the sap, and -what is 
the path of tins ourrent ? 

IS Explain as far as you can the way m which water is absoibed 
from the soil by the roots, and the transpnation ourrent maintained, 
in the case of trees. 

19 What is niBant by sclerenohyma 9 Give some account of its 
mode of occurrence in stems, and show how it is of use to the plant 

20 Describe the process of secondary thickening as seen in tlio loot 
of a Dicotyledonous tree What advantages does this secondary 
thickening confei on the tree ? 

21 Describe in the case of any seedling you may seleot how the 
structure characteristic of the loot changes into that met with m the 
young stem What do you think is the use of the ohnnge to the plant? 

22 What method, othei than watering, would you use to recover 
a plant, growing m the open, whioh had become tiaooid from loss of 
water ? Give reasons for the method adopted 

23 Descubo accurately an experiment which you have seen in which 
the rate of growth of roots or shoots was measured Whioh part of 
the root grows most lapully m length, and which pait absorbs most 
water 9 What advantages do plants gain by the increase of their 
shoots and roots m length and thickness 9 

24 How is the direction of a root’s growth affected by light 9 How 
does a shoot diliei from a loot in this iespeot 9 
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25 How is tlie growth of a root-tip affeoted by oontaot with a hard 
obBtaole 9 

26 How oan it be proved that the root-tip alone is sensitive to the 
stimuli of gravity, light, eto 9 

27. In what part of a root does giowth m length ocour 9 How oan 
it be proved that the curvatures m toHponse to stimuli (gravity, light, 
moisture, oontaot) also occur m this part 9 

28 Describe the characters of the various regions of a root, starting 
from the extreme tip 

29 State all you know about the roots of land-plants, and in par¬ 
ticular mention any observations you have youiself made on the roots 
of any plants. 

30 Give an oooount of the influence of Light, Gravity, and Moisture 
on the growth of roots 

31 Describe carefully how you would fit up an experiment winch 
would show clearly the effect of light on the direction of giowth of 
the stem and root of a seodlmg State briefly the otlin effects of light 
on plants. 

32 What is raoant by Geotropism 9 Write a careful aooount of any 
three experiments you may have peiformed m ordoi to investigate the 
nature of geotropio phenomena in roots 

33 Write a short account of tlio distribution of mechanical tissue 
(stereom) in the stems of plants, illustrating your answer by reference 
to particular oases 

34. Very strong solutions of certain Holts make plants wither ,* very 
weak solutions o? the same salts are recommended for making them 
grow How would you determine by expenment how strong and how 
weak solutions must be to prodnoe thoRe effeots 9 How do you explain 
the contradictory results ? 

35 Desonbe the structure of a young root as seen in transverse 
seotion. What peculiarities in its structure are oharaotenstio of the 
root? 

36. If a leaf or a flower-stalk is removed fiom the plant and allowed 
to remain m dry air, it becomes flaccid and oan no longer support its 
own weight. Why is this? Give experiments in support of your 
explanation. 

37. How would you show whether it is the reaction produced by 
light, or by gravitation, or by both, that causes a stem to grow 
upwards and a root to grow downwards ? 

38 Mention an experiment which hIiowh that organic substance 
formed m the leaves travels down the stem outside the cambium 
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39. Show, by describing and drawing one example, that the branoh 
of a tree may pieserve a reoord of past seasons in its l>nik and wood. 

40. Suppose yon carefully pull up a young bean seedling, aud fasten 
it by means of a pin through the seed to the edge of a shelf, so tliat 
the axis of the plant ib in a horizontal position, and then keep the air 
round the plant satui ated or nearly satui a ted with moisture How will 
the plant behave during the next few days’ Desoube any experi¬ 
ments you have made beating on suoli occurrences, and stftto wlmt 
infeieuoes you would draw from them 

41 What is meant by osmosis, diffusion, turgor, transpiration ? 
How is the rigidity of a suoculent flower stalk affeoted by placing it 
(a) in water, (o) m a strong salt or sugar solution 9 How would this 
treatment affeot a living oeil? 

42. Draw from memory, and oarefully desoribe the structure, as 
seen with the naked eye, of a blook of oak (or of any other tree with 
which you are familiar) out so as to include both the oontre of the 
tree and the bark. 

43. Desoribe the young mam root of some named plant Where 
does most rapid inorease m length oooui, and how can it be demon¬ 
strated 9 Draw a transverse section taken a little way above tlio 
region of most rapid growth 

44. Draw diagrams of longitudinal sections of a root and of a stem. 
Inolude the apex and the characteristic lateral appendages in each 
oase Minute structures, not leadily seen with a hand-lens, neod not 
be represented 

46 Give a short description of the root-system of a young dicotyle¬ 
donous plant Enumerate the moie important functions discharged 
by roots, and explain how the roots aie specially adapted to perform 
these functions. 

4(3. The trunk of an Oak tree, when in full leaf, is sawn all round so 
deeply as to out through the sap-wood. State and explain the effect 
of this operation. 

47 Desoribe the featmes seen in a cross-seotion of a pi goo of wood 
(e ff of oak or ash) when examined with a lenH. Illustiate your miswei 
by means of a diagram 

48 Explain the nature and mode of origin of “knots” and of 
“ silver gram ” in timber 

49 What is meant by a Medullary Ray? Where are modullury 
lays found, and what are their uses? 

60 When the hunk of a dicotyledonous tree is out aoiosa, ihe wood 
is Heon to be disposed m rings Explain this fact, and indicate its 
relation to the age of the ti ee. 
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51 Why does a suooulent flower-stalk or petiole lose most of its 
rigidity when cut and m want of water 9 Could you produce this 
condition artificially without exposure to the air? How would you 
attempt to leetore the rigidity of a stalk tiius artificially wilted 9 Give 
reasons for your answers. 

52. Describe and explain the ohanges that may be observed when a 
turgesoent shoot is biseoted longitudinally, and when the halves are 
placed successively m water and m strong salt solution 

53 The split stalks of out flowers hfive been found to become bmp 
in salt-solutions containing 32*5 giammes of salt per litre, but to 
become turgid in solutions containing 3 25 grammes per litie As¬ 
suming these facts and given a quantity of the strong solution, how 
would you most rapidly prepare a series of solutions of intermediate 
strengths so os to determine what strength of salt solution would just 
suffioe to cause the freshly split stems to become perceptibly bmp ? 

54. Explain why it is easier to split a pieoe of wood in the direction 
of tiie gram than ooross it 

55. Give an account of the structure and uses of Lentioels. 

50 Desonbe and explain as fully as you can the appearance 
assumed by a tree growing m a position fully exposed to the wind 
fiom the sea. 

57 How would you distinguish between (a) a simple leaf and a 
clododo, (6) a compound leaf and a short branch, (c) a slender undei- 
groimd stem and a root 9 

58 What are the chief points on winch you would lay emphasis in a 
lesson on Turgesconco v B} 1, what experiments would you illustrate the 
lesson 9 

59 Explain fully what is meant by Baik, and state the various 
ways in winch it may ho formed 

60 Desonbe caiofully, with diagrams, five plants which lepioduoe 
themselveB without the aid of seeds. Distinguish oaiefuliy between 
those cases in which food is stored up and those in whioh it is not. 
Point out uIho at what stage the new individuals become separated 
from the old. 
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313. Buds,—Before the young stem branches, it is m 
most cases easy to see that between the base of each leaf 
and the upper portion of the stem theie is a young* bud (axil¬ 
lary bud or side-bud), which may grow into a shoot bearing 
leaves only, or flowers only, or both leaves and flowers The 
apex of the stem is usually occupied by a tmninal bud (end- 
bud). 

Buds appear as little prominences on the outer surface of 
the stem, and are produced by outer tissue, whereas secondaiy 
roots arise from within Each bud consists of a short " con¬ 
densed ” stem m which the “ mternodes ” are undeveloped, 
so that the young leaves are closely packed together The 
formation of a bud depends on the fact that tlie slowly- 
growing end of the shoot elongates less than the leaves which 
it has produced, and these bend ovei its tip and protect it 
The apex of the stem of the bud is occupied by a growing- 
point, which grows and elongates when the bud opens , since 
it is not exposed to friction agamst the soil, there is no need 
for any such structure as the root-cap, which covers and 
protects the growing apex of the root 

314, Brussels Sprout.—To get a good idea of bud- 
structure, first examine some Brussels Spiouts ( 1 ) Pick off 
the leaves one by one, Btartmg from the outside, and note 
that each leaf has a small bud m its axil How do the inner 
leaves differ (in size, form, texture, colour) from ilie outer 
ones ? How may these differences be accounted for ¥ ( 2 ) 
Slice down through the middle of another sprout, and notice 
the conical end of the stem, with small outgrowths at its 
extreme tip, these outgiowths aie the youngest, leav oh. Below 
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these are older leaves, gradually becoming distinctly divided 
into blade and stalk, lower still come leaves whose blade is 
folded between the veins In the axil of each leaf is a small 
bud, resembling a immature sprout, some of these buds may 
be cut through in the shce (if not, make more slices). Notice 
the stiings (veins or vascular bundles) in the stem of the 
Sprout. Sketch a good clear longitudinal section, at least the 
natural size (3) Out a series of cross sections, beginning at 
the top of the Sprout and pioceedmg to the base; lay the 
sections out in order, then compare and sketch them. (4) 
Set a Sprout with its cut end m red ink, and after a time cut 
slices and notice the bundles which extend neaily to the 
extreme tip of the stem and give off branches to the leaves 
and buds. (5) Remove most of the larger outer leaves, and 
notice that the inner ones soon become wilted if the sprout is 
set in a dry place (6) Weigh (a) an entire sprout, (6) one 
from which all the large outei leaves (which overlap and 
protect the young inner ones) have been removed; set both m 
a dry place, and in a few hours, or a day, weigh again and 
compare the loss in weight in the two cases. 

Lettuces and Cabbages may be used m addition to Spiouts 
Why are the inner leaves softer and lighter-coloured than the 
outer leaves ? What other differences do they show ? 

315. Winter-Buds (Resting-Buds).—In cold climates 
the buds formed at the close of the year do not develop at 
once, but remain dormant after the leaves have fallen When 
a rest.mg-bud is about to be formed, the last foliage-leaves on 
the shoot sometimes grow m the ordinary way, but the stem 
stops growing and these leaves enclose the young, leaves 
formed inside the bud Naked restmg-bnds of this kind 
occur in herbaceous plants, their structure being essentially 
like that of a Biussels Sprout, Lettuce, or Cabbage, but only 
m a few woody plants (shrubs and trees), e g Ivy, Bitter¬ 
sweet. 

In most woody plants, however, the bud is coveied by 
special scales ( biul-scales ), each repiesentmg a leaf or part of 
a loaf and being usually thick, hard, corky, gummy, resinous, 
or hairy, and these scales protect the delicate and sappy 
young leaves within from injury by rain and frost, blit 
especially from loss of waler. In cold weather the roots are 
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hardly able to absorb any moisture from the soil, so that loss 
of water at such a time, when there is little or no transpira¬ 
tion-current flowing up in the stem, would be fatal to the 
young shoot inside the bud WTien a cold dry east wind 
comes after the buds have expanded in spring, the young 
leaves are often billed, whereas an equally cold but moist 
westerly wind hardly affects them 
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Fig 78 —Vornntion of Loin ob . 


The soales of resting-buds may repieRent whole leaves (Pm et, Lilao), 
leaf-bases without stalk or blade (Syaamoie, Howe Chestnut), stipules 
of leaves whioh develop a blade (Alder, Elm, Hazel), m stipules of 
leaves which do not develop a blade (Oak, Boooh) 


316. Folding (Vernation) of Young Leaves.— To ensure the 
close packing of the leaves in the bud eaoh one is usually rolled up 
longitudinally (moie rarely rolled up transversely), but sometimes the 
leaves are nearly flat, e q Privet, Holly, Ivy, Willows Dealing only 
with longitudinal folding, the leaf may bo simply doubled on itself 
along the midiib (Pig 78, conduphcate ), oi it may be pleated so as to 
resemble a fan (plicate), or the edges of the leaf may be rolled inwards 
( involute ) or outwards (revo/ule), or the leaf may bo rolled up from one 
side, so that one leaf-maigin is within the coil and the otnei outside 
(convolute) The young leaves are conduplieato in Cherry, Bose, Elm, 
Hazel, Oak, Lime, Asli; plicate m Maple, Sycamore, Birch, Beech, 
Hornbeam , involute m Poplai, Apple, Pear (also m Violet), levolute 
m Plane and Rhododendron (alRo in Docks); oonvolute m Plum and 
Sloe (Blackthorn). 
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317- The Opening 0 f the Bud.—In spring or early 
summer tlie winter-bud lesumes its development The young 
shoot grows and lengthens, pushing aside the bud-scales, Vhich 
then fall off. Since each scale leaves a scar on the lower pait 
of the bud-axis and this part remains short, a senes of closely- 
set scais is left on the stem A series of bud-scale-scars 
(“girdle-scars”) is of couise seen at the base of each branch, 
and by examining a twig and noting these series of scars we 
can easily tell how much the twig has grown each year, often 
for many years back, later on these marks are obliterated by 
the formation of bark, but m smooth-barked trees (e g Beech) 
one can trace the growth back foi thirty years or even more 
by these girdles of scars 

As the bud-axis elongates, the leaves grow m size and 
spiead themselves out (the leaf-stalks of course helping m 
this, if present), becoming spaced out on the young shoot 
Buds then appear in the axils of the leaves, and these may 
either develop at once or after remaining dormant for a tune, 
some of them of couise becoming the lesting-buds for next 
year’s giowth 


lb i h easily understood why all of the axillary buds do not usually 
develop into branches, foi if they did the foliage would be too olosely 
paoked together, and aufhoient light and air could not reach all of the 
branches and loaves As we shall see latei, tiees differ very much in their 
mode of branching and in the arrangement of their leaves , thus in the 
Holso CheHtmit and the Beech the outer leaves are densely packed 
togothor, so that buds within the crown of foliage have but little 
chance of developing into leafy brandies, awing to the small amount of 
light which readies them In the Bn oh and Larch, however, the 
foliago ih more open, and the buds nearer to the stem have perhaps as 
good a chance of developing os the buds at the tips of the branches. 
These points will bo illustrated by the various common trees which we 
shall study 

Whenever any of the blanches are pruned away or broken on by 
high winds or by the weight of snow, buds develop which would other¬ 
wise havo remained dormant, and in this way trees are able to rapidly 
fill up gaps in their canopy of foliage So also pollarded willows soon 
form a orown of now shoots, and many of these arise from deep-seated 
buds, or from adventitious ones The latter are buds wlnoh develop out 
of their normal order, or without any relation to the leaves Adventi¬ 
tious buds may be formod not only upon the stem, but also on roots or 
leaves. Some Begonias are artificially propagated by placing sliced 
leaves on damp bo5 ; buds appear on the wounded edges, strike root, 
and develop into new plants Adventitious buds may appear on the 
roots of the Hawthorn, Dandelion, and other plants, and may give rise 
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to leafy or even flowenng shoots For example, the roots of the Haw¬ 
thorn, if chopped into small pieces and covered loosely with damp soil, 
produce buds and ultimately new plants Most people aio familial 
with the fern-like shoots produoed when the top of a Canut (partly 
stem, paitly loot) is cut off, soooped out, filled with watei, and hung 
up bj strings , try this simple experiment for yourself 

318. Sycamore (see Ar t 599) 1 —Examine twigs at 
different times of the year, noting the arrangement of the 



Fig 79 —Twigs of Syoamore and Stages in Opening 0 f Hud. 


leaves, and therefoie of the axillary buds, m crossed paiis, 
forming foui rows on the stem (Pig 79) The twigs are, in 
the younger parts, grey-green to yellow-biown in colour and 
aie dotted with small lenticels The leaf-scars are shallow, 


If ^ou do not know these trees in then winter aspect, out twigs 
and put them into bottles or jars of water and keep thorn in a warm 
room , in many cases the buds will open, smoe warmth hastens growth 
pi this way you can study very conveniently tlio unfolding of buds 
(sketoh the stages observed) and at the same tune identify unknown 
trees or shrubs by the leaves in many oases 
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V-shaped, with three slight projections (bundle-scars) The 
buds tue egg-shaped, with four piojecting ridges owing to 
the boat-like form of the bud-scales The scales, which are 
ananged m opposite pan's, overlapping each other regulaily, 
aie greenish below and brown at the tips and aiound the 
edge The large end-bud, which geneially has two small 
side-buds just below it, frequently contains an mfloiescence 
m addition to young foliage-leaves 

Dissect a bud, oarefully lemoving the poits and lading them out on 
a Bheet of papei Note that theie are six or seven pairs of scales 
altogether, though only four oi five pairs aie, as a rule, visible on the 
outside of the bud How do the mnei scales diffei from the outer ones 
in colour and textuie? Examine the tips of the scales do any show 
hei e a small undeveloped leaf-blade, with thiee or five lobes ? To what 
paxt of an oidiuary foliage-leaf—the leaf-base or the leaf-stalk—does 
the bud-scale correspond ’ Note the young fohage-leav es iu the centre 
of the bud how many are there visible, and what portions of the leaf 
aie already developed’ Note the fan-like manner in which tlie >oung 
leaf-blade is folded , try to cut out fiom a sheet of paper a model of 
the young blade Is the young leaf smooth and bare, or has it any 
protective covering of hairs ’ 

Cut buds tbiougn, some longitudinally and some transversely, to see 
how the leaves inside aie folded up 

In spi ing, notice how the buds swell up Make careful observations 
on the opening of the buds It is possible to cause them to open in 
winter by setting a out twig in watei and keeping it in a warm room 
Notice how the lmiei scales, as well as the young foliage-leaves, expand 
and lengthen, pushing aside the outer soales, and how the young leaves 
unfold themselves The budB open at end of April or early m Slay 

Make notes and sketches of all the stages in the opening of the bud 
Note that the stalks of the young leaves, which have hitherto been very 
short (how does this prove that the bud-soales are leaf-bases and not 
stalks ?), rapidly lengthen and carry out the leaf-blades beyond the 
soales Note that the lower part of the stem of the hud hardly 
lengthens at all, so that when the bud-scales fall off they leave a 
numbei of orowded soars, while the upper part of the bud-axis glows 
out to form a long or short shoot, the leaves becoming Bpaced out (m 
pairs) upon it 

Now look backwards along the twig, to find the place where last 
year’s end-bud was how does this enable us to see exactly how much 
the twig grew eaoh year, at least for several years baok ? Why is it 
that a senes of these “girdle-scare” or bud-soale-soars is always foimd 
at the base of a side-twig, where it joins the parent-twig’ Does a 
twig alwayB glow equally long, or bear an equal number of fohage- 
leaves, every year? In the case of a honzontal branch, which buds 
grow into the most vigorous (os legalds length of stem and number of 
leaves) twigs—the upjpei ones, the Tower ones, or those on the flankB of 
the branoh ? Why do you suppose the horizontal brandies differ in 
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this lespect from those which are ereot or neatly so’ If you recall 
■sour studies of the work of leaves, you will probably conclude that 
light is the chief factor concerned, tut you should stop and think 
the matter out If you out oft a horizontal branoli and set it erect in 
water, how do the four rows of buds behave after opening’ 

At what time of year are the resting-buds formed 9 Con you see any 
trace of them, in the axils of the new leaves, just after the bud has 
opened and the young shoot has giown out 9 Notice how the buds 
grow in size during the summer. 

Is it possible to cause the young buds to grow out at once instead of 
resting until next spring ’ Try the effect of pulling off the loaves from 
a twig, the buds may thus be caused to grow out a year before the 
proper time This precocious growth of buds is sometmios Been in the 
Hyeamore and several other tiees, owing, in some cases at least, to 
external oauses (e g a late period of wet weather pieoodcd by a diy 
early sunimei and followed by a mild autumn, or the eaily dying of 
leaves through diy cold spring winds, or attaoks of insects), oi simply 
to excess of food, these “Lammas shoots” aie often seen on Oaks, 
Beeches, Horse Chestnuts, eto In these oases leaves which had 
arrested their growth in order to form bud-scales lesume growth and 
become foliage-leaves, bearing reating-buds in then axils 


319. Horse Chestnut (see Art 603) —The arrangement 
of leaves and buds on the stem, and the geneial structure of 
the buds, are the same here as in the Sycamore The twigs 
(Fig 80) aie thick, smooth, grey or biown, with conspicuous 
lenticels The large leaf-seal’s vaiy from being shield-shaped 
to half-moon-shaped, with scais of from five to nine bundles 
The uppermost bud is geneially laiger than the others and 
contains a young inflorescence m addition to young leaves, 
but the true end-bud is often missing and represented by the 
saddle-like scar of the fallen inflorescence 


,, T £ e b ? ds are e gfi- 8ha P etl > pointed, brown, shiny, and sticky Remove 
the hard concave scales, whioh are more or loss oomented together by 
the sticky substance Note the arrangement of the scales m pairs, Ret 
at nght angles to form four rows , the two lowest (outermost) Beales are 
smaller than those of the next pair, and those aio again smaller than 
the third pair, then come two or three pairs of still huger scales which 
cover the top of the bud Within these we see a pair, or two pans, of 
soft greenish sticky stales, each often having at its tip five little lobes : 
then come the foliaee-lea\ es, covered with down and folded up. While 
dissecting the bud, keep dipping it into alcohol to make it less stioky 
w“nnHow many young leaves are visible? In the 
* budfl tile 5 as 18 prolonged above the young leaves 
a n d h ears numerous young flowers in tufts 

When the bud is about to open it swells up considerably, then the 
scales become loosened, the mnei scales grow up and benfl^outwards, 
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and the young leaves emerge with the leaflets (how many to eaoh leaf *) 
erect, each leaflet being folded along the midub and the side-veins as 
well. As the leaf-stalk lengthens (the leaflets are sesBile on its end), 
the leaflets spread open and bend downwards Later, the leaflets rise 
up again and spread out horizontally , meanwhile the stem of the bud 



Fig 80.—Twlgn of Home Chestnut. 


has been growing m length. The bud-scales fall off; the white hairs 
oovermg the leaflets become brownish and fall away. 

Here, as m Sycamore, It is easy to see, as the bud opens, that the 
structures lying botween the hard, externally visible scales and the 
young foliage-leaves are niter mediate in nature between bud-soales and 
ordinary leaves, The buds usually open about the middle of ApriL 

B. F. M, 17 
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320. Oak (see Art 593) —Here the leaves and buds are 
arranged singly and spirally on the giey or brown twigs 
(Pig 81) In passing iiom any leaf, oi bud, to the next one 
directly above it, we go twice round the twig and pass four 



other leaves, or buds, theie aie theiefoie five lows of leaves, 
as can generally be seen on looking along the twig. The 
buds, which are crowded at the tips of the twigs, are brown, 
smooth, egg-shaped, and slightly five-angled. The clustering 
of the buds towards the tip of each twig is of course simply 
due to the upper leaves being clustered m this way so as to 
form a rosette The leaf-scars are small and triangular, 
with numerous bundle-scars; the lenticols are small. 

Examine a bud and notice that it beguiH with a few liny think smiles 
at the base; then oome about twenty thinner Neales, armnguil in live 
rowB and becoming more delicate, os well as lianuwoi, us they ]hinh 
inwards Then come the young foliage-loaves , the outer onoH m e very 
small, each bemg fiat and standing between two stipules, while the 
inner ones are larger and folded along the midrib {oondupliuato); and 
finally come small ones again in the centre of the bud. (Jaroful 
examination shows that the bud-scales, aftoi the two lowest, are 
arranged in pairs, this fact suggests that thoHO scales are and, 
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by obseivmg the opening of the bud and also the way in w Inch the hud 
is formed, one can prove that this is the case Towards the end of 
tlie summer the last leaf-stiuotures to be formed are stipules, winch 
persist and become the outer bud-scales; the uppeimoet complete 
leaves aie orowded and each foims a bud in its axil The buds open 
in May 

As a rule, the lower resting-buds on a twig 1 enmin doi mant, and do 
not open in the spnng of the year succeeding that m whioh they are 
foinied The Oaa ib a bght-lovmg tree and tends to haie its lea%es in 
rosettes at the tips of tlie bianolies so as to catch as much hght as 
possible Taking the case of a ooruplete flower-containing bud, as soon 
os tlie bud-scaleH become loosened the male catkins, whioh arise in the 
axils of the uppei bud-soales, grow out first and hang downwards, then 
como foliage-leaves (each with a young restmg-bud in its axil), then 
leaves with groups of female flowers in then axils, and then again 
leaves with axillary buds Aftei the young shoot has giown out 
of the bud, the lesting-huds towaids its tip geneially open m late 
summer, forming a second geneiation of letdy shoots (“Lammas 
shoots”). 


321. Scots Fine or “Scotch Fir” (see Ait 610) — 
Each twig (Fig 82) shows, as a lule, an end-bud with a few 
(usually 3 oi 4) side-buds just below it and forming an 
apparent whoil One or more of tlie side-huds may he 
replaced by a seed-cone (Fig 82, b) Tlie buds open about 
the middle of May 

Examine a hud and note the veiy numerous (100 ormoie) scales, 
covered with whitish resin and arianged spirally Each scale (except 
the lowest ones) bears m its axil a small bud, so that the resting-bud 
of a Pino is clearly a “ oompound bud **— a bud of buds. The lowest 
Rcalos (those without axillary buds) aie hard and remain at tlie base of 
the } oung Bhoot into whioh tho restmg-bud grows Each of the other 
sealeH is at first gieen below and membranous above, with pointed tip 
and fringed edges, but when tlie lesting-bud opens the base of the 
soale hardens and the upper pai t falls off* 

The axillary buds on the “compound” lesting-bud aie the buds of 
tho dwmf shoots which are so oharactenstio of Pines Each bearB 
about ten soale-leaves which form a sheath aioiuid two j oung foliage- 
loaves (“needles”), set face to face 

When the restmg-bud unfolds, the pairs of green needles emerge 
from the axils of tho scales as the shoot grows out, the needles grow 
in size, and tlie scaly sheath persists around the base of each two- 
loaved dwarf shoot. When the shoot stops growing in length, it shows 
at tho tip a terminal restmg-bud and a oirole of lateral resting-buds 
Just below it, ready for next year’s growth Tlie lateral resting-buds 
grow out just like the terminal one, at first growing more oi leRR 
parallel with it but latei bending away from it 
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322. Larch (see Art. 612) —The brown buds, covered 
with resinous scales, are found at the end and also scattered 
along the sides of the long shoots, which are green to brown, 
angular, and furrowed, the lateral buds are seen (m 
winter) m the axils of the leaf-scars, each of which is on a 
piojecting leaf-cushion and shows a small bundle-scar 



Note that the end-biul of a long shoot is egg-shaped, while the sukv 
buda are nearly globular. Each of the dwarcBhoots—the short stoT.it 
branches so oliaraoteiistio of the Larch—has a bud at its end ("Fig 83) 
The bud-soales have fringed edges , the outer scales are triangular and 
the inner ones thinner, broader, and more rounded, then come the 
narrow green foliage-leaves 
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When the bud opens, the more delicate inner scales fall off, but the 
harder outer ones persist, and the light-green leaves grow out. Then 
the end-bud and some of the side-buds below it grow out to form long 
shoots, while the others remain shot t and form dwarf shoots Dwarf 



A B C 

Fig 88 —Lurch 

A Aiul B, Rostiug bud, C, Bud buginning to ojien 


shoots may 1 epeat the prooess year after year, only elongating about 
| inch 01 so euoh year, or they may at any time suddenly glow out to 
foi ni a long Bhoot The dwarf shoots only differ from the long shoots 
in having a very short stem with crowded leaveR, instead of a long 
stem with leaves spaoed out singly on it The buds open about the 
middle of April, the flowers appear a few weeks earlier 


QUESTIONS ON CHAPTER XH. 

1 How can you distinguish by the aid of bark, buds, and general 
appearance between any six native British tieos in winter? 

2 Describe, with sketohes, the stages seen m the opening of a Horse 
Chestnut bud m spring 

3. Why aie the buds of Scots Pine called compound buds ? Describe 
the structure and mode of opening of a Pine bud, giving sketches 

4. Explain why one can tell how muoh a Pine branch has grown 
eaoli year 

5 How can you tell the nature of the bud-scales in different trees 9 
Give examples. 

6 How can you hasten the opening of buds 9 Which buds have you 
suooeeded in getting to open before they would have opened out of 
doors, and liow long before in eaoli case ? 
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7. Describe, with sketches, the external appearance of a bionch ot 
Syoamore or Horse Chestnut, explaining all the features shown 

8 Explain how one oan tell how muoli a Sycamore or Horse Chestnut 
branoh lias grown each year 

9 Dead ibe a branch of Oak as seen in wintei Why do the buds 
tend to be crowded at the tip of the branoh 9 

10 Desonbe various ways in which the young leaves aie piotooted 
in the bud Why are they usually folded up 9 Give examples and 
sketches 

11 What kind of plant produces Brussels Sprouts 9 What a?c the 
sprouts, and m what position do they stand on the paient plant 9 

12. Describe the buds of Laroh, and the way in which they unfold 

13 Why ai e Willows and Poplars “ polled ** oi “ pollarded ” 9 What 
is the effect of this operation on the growth of the tree 9 

14 Why do not all the buds on a tree branoh open m spimg 9 Wh\ 
(lo some buds produce long shoots and others very slioit ones? How 
could you make a short shoot (dwaif shoot) of, say, Beech grow into a 
long snoot * 

15 Describe the stmotnue of the winter-bud of one of oui trees, and 
explain what happens in the spring when it expands into a loaf} 
shoot 

10 Make outline drawings of the leaves and descube the appeal anoe 
of the bark of auy five British trees Mention the time of fioveimg 
m each case 



CHAPTER XIII. 


FLOWERS AND THEIR WORK. 

323. Tlx© Work of tlx© Flower,—We have already 
examined the Broad Bean flower, and we have seen that 
after a time nothing is left of the flower except (a) the 
“ young pod,” which becomes greatly enlarged and contains 
the seeds, and (&) the calyx, which lemams as a cnp round 
the bottom of the pod Evidently the great work of the 
flower is the pioduction of seeds Are any other paits 
besides the pistil'concerned m this woik, and, if so, what 
shaie do they take m it? You have noticed the yellow 
powder (pollen) which is produced in the anthers and is set 
nee when they open, and which is then found inside the keel 
and on the upper paits of the pistil (style and stigma) Has 
the pollen anything to do with the production of the ripe 
pod and its seeds ? Would the pistil grow into a fruit, with 
seeds, if no pollen came into contact with it ? 

324 Effect of removing the Anthers.— Floweis which have 
not yet opened uniat be lined in these expeiimenta, because the anthers 
burst and shed their pollen at an early stage Remove the anthers, 
making sure that you pick off the whole number, and that none of 
them have burst alieady To prevent pollen from reaching the pistil 
from another flower, tie a small bag of paper or of fine muslin over the 
antherlcss flowei, whioli must, of course, be allowed to remain on the 
plant If the removal of the anthers has been oarefully done, the 
flower will open much as usual Treat several flowers in thia way, m 
case any damage is done wlnoh might throw doubt on the results. 
Are any seeds formed’ Leave some of the antherless flowers un¬ 
covered do any of those produoe seeds ’ 

325. Effect of removing the Stigma —You will liave noticed 
pollen adhering to the upper part of the pistil, % e the style, especially 
to the tuft of hairs and the little terminal process (stigma) iu«t above 
it. Is this end part of the style the only part capable or receiving 
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pollen? Open young flowers (with the same precautions a9 befoie) 
and'remove the upper part of the style, cutting just below the tuft of 
hairs, cover some of these stigmaless floweis with small bags, and 
leave others exposed Does this affect the lesult? To meet the 
objection that the removal of the stigma causes injury which might 
account foi the result, try the effect of opening Home young flowers 
and covering the top of the Btyle with a small bit of plasticine 

326, Pollination.—The foi ©going experiments show that 
npe seeds are not produced unless pollen comes into contact 
with the upper part of the style—that is, unless pollination 
occurs Will pollen from the antheis of the same flower 
suffice, or must the pollen come fiom anothei flower P 

(a) Cover a young unopened flower with a paper or muslin bag, and 
see whether seeds are produoed Treat seveial flowers in this way, so 
as to have a number of results on which to base your inferences 

(b) Place pollen on the stigmas of newly opened floweis, using a fine 
brush, dip the brush into boiling water before using it again each 
tune (to kill any pollen left on it) In some coses (A) place on the 
stigma pollen from the anthers of the same flower , in others (B) bring 
the pollen from another flower on the same plant; m others (0) bung 
it from a flower on another plant In the two latter oases (B and C) 
the flower’s own anthers must be removed before they have opened 

Simple experiments like these show that the Broad Beau can bo 
self-pollinated (Art 329), although self-pollination does not (in the 
author’s experience at any rate) occur so freely in this plant aa m 
various other cultivated plants of the Bean family (Sweet Pea, Oat don 
Pea, etc ) In the latter plants, m fact, pollination legulaily ooaurs 
before the flower-bud opens, so that abundant seed is set in the entire 
absenoe of insect- visitors 

327. The Essential Organs.—It is now obvious that the 
only parts of the flower directly concerned m, and essential 
to, Beed-prodnction are the stamens and the pistil. The 
lowest seed-plants (e.g. Pine, Larch, Yew, Cycads; have then* 
young seeds exposed (on flat scales in most cases) to the air, 
instead of being formed within a closed chamber or seed- 
vessel, as in the Bean; and the stalks of the stamens cannot 
be considered as essential (they lemain undeveloped m some 
plants) The essential structures appear, therefore, to be the 
anthers and the “ young seeds ” We know that in the Bean, 
as m other seed-plants, these “young seeds ” do not develop 
into mature seeds, but perish like the rest of the flower, 
unless pollen-grains are placed on the stigma. 
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328. Fertilisation. —In wliat way does tlie poUen-grain 



Pig 34 — Broiul Botin A nnd B, Oroaa-sootionn of Young Anthera , (J, ft Ripe 
Pollen grain , D, Pollan tube 

induce the “young seed” {ovule) to develop into a mature 
seed? What happens when a pollen-grain is placed on the 




Pig, 8/5,—Development nnd Bfcruuturu of Ovule (“young sued "), I ongltudlnnl Seotlona 

stigma? We cannot give a full answer to these questions 
unless we study the minute structure of the parts concerned 1 

1 Preparations of specimens showing fertilisation and embryo- 
formation are moluded in the Plant Biology Bat of Micro Slides 
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In eacli omle a cell, the < 
flower has opened the stigma 



A, louujf Jseed (treated with onustio notauIO 
blowing Embiyo at micropyle-end of 
timed EmbiyoBao, m., Mioropylo, 
B-l, stages in growth of Embryo, G P , 
L rowing point of Stem, Snap, Sna- 
pensoi , bo, Basal Cell, Cot, Cotyle¬ 
don , Em , Embiyo 


gg t is produced When the 
becomes wet and sticky, so 
that pollen-giains are hold 
on it Each pollen-grain 
grows into a long fine tube 
which bun ows down through 
the style and eventually 
enteis the little opemng 
in the ovule and its 
tip touches the egg-cell, 
which lies close to this 
opening, embedded m the 
ovule (Eigs 84-6) The 
pollen-tube opens, and 
a male cell passes from it. 
to the egg-cell and fertilises 
it, i e fuses with it Then 
the fertilised egg develops 
into the young plant (em¬ 
bryo) , the port jjust outside 
of the embryo also grows 
to produce the endospeim, 
which may or may not be 
absorbed by the embiyo be¬ 
fore the seed npons, the seed 
being non-endosperinie (/*ox- 
albuminous”) m the former 
case, endospernnc (“ albu¬ 
minous ”) m the latter. 


(a) Examine the stigma of a Tulip (oi other flower with large stigma), 
and Bee whethei it is wet If so, aliake over it some powder, c g flour 
or ohalk, and then try to’ blow the powder off. Place a Hligma on 
your tongue, and see whether it is sweet Place a few stigmas m some 
Fehling’s solution in a test-tube, and heat (test for sugar). 

(b) Place some water m watch-glasses and add different amounts of 
sugar, so as to get solutions varying in strength from 5 to 20 per cent. 
Into each place some pollen, try vauous plants In the case of the 
Broad Bean and the Sweet Pea a 10 per oent. solution ih about right, 
and in an hour, oi even less, you will see a slendar till ead growing 
from some of the grains , this is the pollen-tube, which rosoniblim a 
root-liam in appearance (Pig 84, d). If you have a miomsejono, fix 
a nng of cardboard or of plasticine on a gloss Blide; put ft chop of 
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■sugar solution on a oovei-glass, dust some pollen in it, then invert 
the cover over the ring The drop will hang into a closed ohanibei, thus 
predating evaporation, and the growth of the pollen-tubes can be 
obsei\ed 

(t) The development of the embryo is easily followed in the Shep¬ 
herd’s Puise, a very common weed which flowers neaily all the year 
round Pick flowers fiom which the outei parts are falling or nave 
just fallen Open the young fiuit and remove the young seeds to a 
slide, then oovei them with a few drops of caustic potash solution 
By teasing the seeds with needles, or pressing them undei a oovei - 
glass, it it easy to isolate the oinbiyoH Sketch the stages obsened 

<Jftg 88) 


329, Self-Pollination and Cross-Pollination.—In the 

Broad Bean, as m many other plants, it is found, on making 
experiments in artificial pollination, that it is better if 
the pollen comes fiom a flower on anotliei plant of 
the same species ( cross-pollination) than if it comes fiom 
the anthers of the same flower or from those of another 
flower on the same plant The two latter cases aie very 
similar in tlieir results, and may be both included under 
the term self-pollination When c loss -pollination occuis, 
the iesult.mg seeds are generally more numerous or heavier, 
and give use to stronger offspiing (superior m height, 
weight, fertility, etc) than is the case when self-pollination 
occuis 

In self-pollination there is a mixing of piactically similar 
chaiacteis, while m cross-pollination tlieie is a mixing of 
more or less dissimilar characters, especially when the plants 
that produce the male and female cells live far apart and 
undei diffeient external conditions Also, any useful varia¬ 
tion is likely to be transmitted and even strengthened when 
cioss-pollmation occurs Tlieie is, therefoie, an obvious 
advantage to the species in securing cross-pollmation, and 
we find many adaptations, some of them very remarkable, 
which favour cross-pollination and hinder self-pollination 
(Art. 346). 

In most fruit-trees the advantages of cross-pollination are 
so marked that the practice has arisen of never planting more 
than two consecutive rows of the same variety of apple, pear, 
or similar fruit, for practical growers well understand that 
the best results are generally obtained from orchards con¬ 
taining many varieties. 
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330. How Pollen is Carried.—Pollen-giams have no 
power of spontaneous movement When the anthers aie 
above the stigma, self-pollination may oecui (if the two are 
mature at the same tune) by pollen simply falling on the 
stigma, but for cross-pollination the grains must be earned 
to the stigma of another flower by water, wind, or animals. 
Water-pollination occurs only in water-plants, and only m 
a few of these In this country insects are probably the 
only anim als concerned in carrying pollen from flower to- 
flower, but there are foreign floweis which are pollinated by 
birds (especially humming-birds), bats, and even snails 

331. Mechanism of Broad Bean Plower.—Here oioss- 
pollination is brought about by bees, which may lie seen at 
woik on the flowers if you watch plants growing m the open 
during fine weather Wind-pollination is out of the question 
m this case, smee the stamens remain enclosed m the keel. 

When a bee ahghts on the flower it stands on the two 
wing-petals, which bend down under the weight of its 
body Since the wings are jointed with the keel, the latter 
is also pressed down. If you carefully watch the bee at its 
work, oi imitate its action by pulling down the tip of the 
keel, you will see that when this happens a mass of pollen is 
brushed out of the keel by the tuft of hairs on the style, and 
the stigma projects from the keel as well Some pollen is 
deposited on the bee’s hany body, which also rubs against 
the stigma, if the bee has visited another Broad Bean Bower 
pieviously, some pollen will probably he left on the stigma 
When the bee leaves the flower the keel rises to its former 
position, and the piocesB may he repeated a few times when 
other bees visit the Bame flower. 

Notice the long “ tongue ” (proboscis) which the bee pokes 
into the lower part of the stamen-trough below the fiee 
stamen It is easy to see this if you pull off the standard 
and carefully watch the next bee that comes to the flower 
What does the bee find heie? If you take a newly opened 
flower, remove the calyx and corolla, and pull apart the 
stamen-trough and the pistil, you will notice the liquid which 
has collected at the bottom of the trough around the base of 
the ovary. By tasting, or by the Fehlmg’s solution test, one 
finds that sugai is present in this liquid—the honey, or 
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i nectar —winch is produced by gland-cells at the base of the 
stamen-trough 

The bee is guided to the flower, m its search foi honey, by 
the white corolla (easdy-distmgmshed among the foliage, and 
made moie conspicuous by the velvety black spot on each 
wing-petal) and also by the fragrant odoui which is emitted 
by the petals 

The coloured stieaks on the standard help to guide the 
bee to the opening below the fiee stamen, but its removal 
does not prevent a bee fiom finding this opening, as can 
easily be seen by making the experiment These conspicuous 
streaks and spots are called “ honey-guides ” 

Since the honey can only be reached when the keel is 
pressed down with some force, and is produced at the bottom 
of tlie tube formed by the stamen-tiough (closed above by 
the free stamen and the standard), it can only be reached by 
an insect with a heavy body and a fanly long tongue The 
flower is specially adapted to the visits of bees It is also 
visited by butterflies and moths 

Sometimes a bee when workmg at the flowers may be seen to 
bite through the calyx-tube and insert itB tongue through the 
hole thus made, thus reaching the honey without entering the 
flower in the “ proper ” way, i e from the fiont Many other 
“ bee-flowers ” (i e flowers specially adapted for bees’ visits) 
show neat lound holes bitten out by the bee in its short 
cut to the honey, of which it robs the flowei without render¬ 
ing any service m return 

332. Functions of the Calyx—The calyx has three im¬ 
portant uses in the Bean-flower (1) It protects the inner 
parts of the young flowei In the bud, the stamens and 
pistil are enclosed m the keel, the wings are folded over the 
keel, and the standard over the wings, and the calyx is 
wrapped over the outside of all < (2) When the flower opens, 
the corolla expands, pushing aside the calyx-lobes, then the 
standard curves upwards, and the flower is ready for the 
visits of bees. The calyx then serveB to hold the petals to¬ 
gether and prevent their falli n g apart (3) The calyx also pro¬ 
tects the young friut to some extent from becoming dried up 
The calyx often assumes other functLons, e g the attraction of 
insects (Monkshood, etc.), seed-dispersal (many Composites). 
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333. The Parts of tlie Flower.— The outer floral, parts, 
exclusive of the stamens and carpelB, constitute the perianth, 
which may either be single or, moie commonly, double It 
the outer series of parts m a double perianth are distinctly 
differentiated fiom the inner, we term the former the calyx 
of (usually) green sepals, and the latter the corolla of 
(usually) coloured petals In some flowers with a double 
perianth, it is haidly possible to distinguish between the 
sepaline and petalme parts ( e g Narcissus ) Some flowers, 
however, have a peiianth which is composed of a single ring 
or senes of parts only, while otherB are naked and have no- 
perianth at all 

The penanth forms the non-essential part of the flowei, 
whereas the stamens and carpels are the essential organs, 
and one or both of these must be piesent to constitute a 
flower A “typical” flower possesses sepalB, petals, stamens, 

and carpels ai ranged in 
single 01 double alternat¬ 
ing rings, each ring con¬ 
taining the same number 
of similar parts, but fre¬ 
quently the parts aie 
arranged m a spnal, 
especially the stamens. 
Flowers which have no 
caipels are said to be 
“ male ” or stammate, 
those without stamens are 
“ female ” or carpellary 
(pistillate). 

334. Perianth — This 
term is sometimes iwed to in¬ 
clude the calyx and corolla 
together, but more often it is 
applied to the flower envelope 
Fig S7 —Flower of Daffodil in Vertical Section when there IB no distinction, 

oi very little, in oolour and 
texture between the outer and inner parts of the envelope, For 
instance, the perianth of Tulip and Bluebell consists of six similar 
coloured leaves, free from each other ( polyphyUoua ) or only slightly 
]omed at the base In Lilies and Hyaomths the penanth is gaino- 
pkyUous , consisting of a lower tubular part and six free lobes. In 
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Daffodil and NaioiHsiis, besides the tube and the lobes theie is a 
collai-like outgiowtli 01 ooiomi at tlie mouth of tlie peiiauth-tube 
Examine and sketch the pm ninths of tlie following dowel's — 
Tulip, Hyacinth, Solomon’s Seal, Snowdrop, Daffodil, Nuloissus 
(several kinds, to show vanation in form of ooiona, Fig 87), Early 
Puiple Oiohid, Bee Oiohid, Twayblade Oiolnd, Lady’s Slipper Orchid 

336. Calyx. —The pmnitive, oi simplest, type of oalyx consists of 
spindly auanged utpale, which anse dueotly fiom the leoeptfiole, 
as small gLcen sessile leaves The individual sepals may be free 
{polynepalou# calyx), or more or leas muted ( qamoaepalou s calyx). 
Howevei complete the union may be, the niunbei of sepals which take 
part in the formation of the calyx ih usually indicated by the pointed 
teeth homo on tlie uppei margin of the tube 
When a calyx is present, it is usually composed of two (Poppy)* 
tlnee (Lesser Celandine), four (Wallflower), oi live (Bulteioup) sepals 
More rarely the sepals are numerous, and retain then primitive spiral 
arrangement (Water-lilies, Cactuses) 

The calyx commonly seives to protect the flower while it is still 
young, and hence, when the flower opens, the sepals eitliei fail off 
(Poppy) oi turn baok (Dog Rose) Anothei of its functions, howevei, 
is to protect the developing fruit, and hence it often peisists until the 
fiuit is foimed, as in the Bean, Stiawbeity, and Dead-nettle A 
gamosepalous oalyx affoids not only a more efficient pioteotion to the 
nowei-bud than a polysepalous one, but also gives suppoLt and protec¬ 
tion to the base of the adult flowei and to the developing fruit Hence 
the gamosepalous oalyx ne\ei falls oft when the flower is voung In 
“ Wintei Cheriy ” tlie calyx foims a led bladder round the flint 
When tlie flowers and fruits are olosely aggregated, they no longei 
need a piotcotive calyx, which therefore becomes quite small, as m 
Umbellifeis, and when a olosely packed mass of flowers ib smiounded 
by a ling of protective braots, the calyx may eitliei disappeai (Daisy) 
or be represented only by hairs These hans m the Dandelion, Thistle, 
Hawk weed, etc , persist after flowei ing, and foim a pappi w, which is 
attached to the ripened fiuit and aids in its dispelsalhy the wind 
The sepals are usually gieen, but the “petoloid” sepalH of MonkB- 
hood, Wintei Aconite, Christmas Rose, Larkspui, and Maish Marigold 
are brightly coloured, and take on the attractive function of tlie 
petals, whioh are eithei developed as nectaries or are absent 

Examine and sketoli (1) the entire calyx, (2) tlie individual sepals, 
of the following flowers —Buttercup, Lesser Celandine, Wallflower, 
Sweet Pea, Gorse, Mallow, Rose, Cinquefoil, Strawberry, Cherry, 
Dead-Nettle, Foxglove, Larkspur, Monkshood, Christmas Rose, 
Winter Aconite 

336 Corolla. —Tlie pnmitive corolla consists of a spiral of fiee 
petals, but in most plants tins has been changed into a single whoil 
(Foxglove, Geranium) oi, more laiely, a double wlioil of petals 
(Poppy) The ooiolla piotects the stamens and oarpels at the most 
critical period of thou exmtouoe, and tins is especially the case when 
the petals have giown together to form a tube enclosing the essential 
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organs The oorolla-tube often serves as a receptacle for honey, while 
the coloured portion attraotB the visits of mseots As soon as fer¬ 
tilisation has occurred, the seeds begin to develop, and an attractive 
corolla being no longer needed, it is usually rapidly shed The 
witheied corolla may, however, persist round the trait [e.y Heaths, 
Plantains, Clovei). 

When the corolla is polypetalous, the individual petals often consist 
of a narrow stalk or daw, and an upper biooder portion, the blade 
or limb (Wallflower) The petals of the Pink have a scaly outgiowth 
(ligule) at the junction of the claw and limb, and in Narcissus tlieie is 
a on oular cup, or coi'oiux 

The corolla is said to be regular when all its paits are similar, 
imyular when they differ in shape from one another, and the same 
terms apply whether it is poly- or gamopetulous In Christmas Rose 
and Winter Aconite the petals are repiesented by hollow nectaueH, 
and the sepals form the showy attractive portion of the flower The 
nectaries are represented in the Butteioup by tiny pookets plaoed 
behind a scale at the base of the inner sm face of enoh petal Hence 
the nectai’iesof the Christmas Rose uie piobably modifietl petals, as are 
undoubtedly the two posterior ones of the Monkshood 

Examine and sketch (1) the entire corolla, (2) the individual petals 
if f i ee, of the flowers mentioned in Art 335 

337 The Andreoinm is the oolleotive term applied to the whole 
of the Rtamens piesent in any single 
flower Each stamen usually con¬ 
sists of two parts, a stalk oi fila¬ 
ment, and a head oi antliei There 
may be no filament, so that the 
antliei is sessile, oi the antliei may 
not develope, when what remains is 
known as a stammode or sterile stamen 
The anther is usually divided mto 
two halves or lobes, in each of whioli 
are two longitudinal compartments, 
filled, when npe, with pollen grams 
When t3ie anther splits open, or 
dehisces, tlie partition between the 

S aired pollen sacs of eaoh lobe bleaks 
own to a greater or less extent, so 
that each lone appears to have only 
a single cavity (Fig 88). 

The prolongation of the filament 
between the two lobes of the author 
is termed the connective . When the 
lobes are dose together, this is nar¬ 
row , but m Labiates and some other 
plants the connective is elongated 
laterally, and the anther lobes are widely separated Special append¬ 
ages are occasionally developed from the connective ; each anther of 


^CONNECTIVE 



Fig 88 —An Antliei with the top 
out olf. 

Tho right anther lobe Ih i epresented 
nu being dehleood 


J 
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the Violet 1ms a niemhianous orange-ooloured outgrowth at its apex, 
and m addition eaoh of the two anterior stamens has an elongated 

P rocess extending downwards into the spin of the an tenor petal* 
lie tip of this piocess is glandular, and secretes neotai into the spur 
As a general rule the different stamens of a flower are alike m shape, 
size, and m length of filament Two of the stamens of the Wallflower, 
however, aie shoiter than the other foiu ( tetradynamous ), while the 
Dead-nettle lias two long and two short stamens {chclynamom) 

The fully grown anther bleaks open and allows the pollen to esoape 
It usually happens that the wall of each lobe splits longitudinally along 
the dividing line between its two compartments, but in many Labiates 
the anther opens transveisely In Potato, Rhododendion, Milkwort, 
eto , small poies are formed at the top of the anther In the Barberry 
the whole side of each anther-lobe bends uiiwards , in the Lain el small 
doors or valves open at the sides of the anther. 

Examine and sketoh the stamens of the following floweis —Butter¬ 
cup, Gorse, Sweet Pea, Mallow, Potato, Violet, Pansy, Wallflower, 
Rhododendron, Heather, Dead-Nettle, Foxglove, Barberry, Bay 
Laurel, Fuj^toiy or Dielybra (“Bleeding Heart”), Garden Sage 



Fig 8I» —Oiu’pollury 
Leaf with Marginal 
Ovules. 



Fig IK) —The Monooavyellary 
Pistil (e p Hean, Pun). 

A, Entire, 11, TmuBveineBeution 
of Ovary, G, Will indicate 
method of folding 


338. The Gyueoixim or Pistil is the oolleofcive term applied to the 
oarpels xiresont in a flowei. In its simplest form the pistil oonsists of 
a single carpel, os in the Bean. Such a carpel ooiresponds to a leaf 
bearing ovules on its margins (Fig. 89), a condition m wlnoh the oorpels 
of the Gymnospermous plant Oycaa remain to the present day We 
might suppose that as the higher flowering plants developed, the two 
halves of the oarpellary leaf became folded longitudinally, and that 
B.F.M 18 


274 


FLOWERS A1TD THEIR WORK. 


their margins grew togethei along a line known as the ventral suture, 
which bears a double row of ovules denved from the two margins of 
the leaf 

The purpose of this change is immediately obvious, foi the young 
ovules are now proteoted within a hollow chamber known as the ovary 
(Fig 90), w hick is formed from the swollen basal portion of the oarpel 
The apical portion of the latter forms a slender prolongation of greater 
or less length, the style , which usually contains a central oonal com¬ 
municating with the cavity of the ovaiy, but may be composed of loose, 
solid tissue with no definite central cavity The stigma, or apical 
portion of the style, is usually swollen and oovered with hairs (stig- 
matic papillae) The stigma forms the reoeptive surface for the pollen 
The dorsal suture of the oarpel corresponds to the midrib of a leaf; 
the cushion of tissue along the ventral suture, fiom whioh the ovules 
arise, is known as the placenta In the Water-lily, Flowering Rush, 
and a few other plants, the ovules aie scattered all ovei the inner 
surface of the carpels 

The flower of Buttercup or Rose contains several fiee simple oarpels, 
and the pistil is therefore termed apocarpous. When several oarpels 
are present m a flower, they are often united to form a compound or 
syiicarpons pistil The union may be confined to the base of the ovary 
(some Saxifrages), or may include the entire ovaiy (Campion), or only 
the stigmas may he free (Foxglove), or all three may be completely 

united together (Primrose). 
A Bvncarpous ovary may be 
divided into a number of cham¬ 
bers, eaoli corresponding to the 
cavity of one oarpel Thus 
the Tulip has three oarpels, 
and the ovary is divided into 
three chambers, each contain¬ 
ing a double row of ovules. 

The ovary of the Violet lias 
a single chamber only, although 
it is composed of three carpels, 
as is inchoated by the presence 
of three groups of ovules ar¬ 
ranged in longitudinal rows 
upon its wall When, as in 
this case, the ovules are at¬ 
tached to the wall of a com¬ 
pound ovary, the plaoentation, 
or arrangement of the placen¬ 
tas, is said to be parietal (Fig. 
91, a) ; but when the ovules arise from the longitudinal axis in the 
centre of the ovary, the plaoentation ib said to be axile (Fig 91, b), 
e.g Bluebell, Tulip It will be noticed that when the plaoentation 
is axile, the ovules in each loculus are derived from the margins of 
the carpellary leaf that forms this ohamber, whereas in the case of 
parietal placentation each group of ovules is derived from the margins 






Fig. 01 —Diagram of Synoarpous Ovary, wit 
Parietal (A) and Axile (B) Placentation 
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of two adjacent carpellftiy leaves, half from eaoh. In duckweed, 
Stitohwort, Campions, Plumose, etc, the oential axis of the ovary 
does not renoli the roof of the lattei, so that the ovules appear 
to arise from a mound in the oontre of the ovary ; this type of 
plaoentation is Baid to bo Ji ec-centi al 

The number of ohambers in an ovary usually corresponds, if there 
are moio than one, to the number of carpels of which it is composed. 
In Labiates and Borages, however, eaoh oompartment of the bioar- 
pollavy gynecium is divided into two, so that theio aie four loculi, but 
only two caipels. The ripe ovaiy of the Flax becomes similaily 
divided into ten chambeis instead of the five present at first 
Again, in unilocular ovaries with parietal plaoentation, each placenta 
usually ooriosponds to a single carpel The number of styles or 
stigmas often 001 responds to the liiunbeL of component cm pels, and 
the upe fruit frequently splits into as many pieces as there aie carpels 
In White Wator-lily the numerous petals pass by gradual transitions 
into the more oentially placed Btamens, all Being sprrally arranged on 
the reoeptaolo; in double Roses the stamens, in double Buttercups 
both stamens and oarpels, become petal-like, in Whito Clover the 
carpel sometimes lemains open and pioduoes green leaves on its 
edges, in Green Roses, double Cherry, eto , the carpels grow into 
green, white, 01 coloured leaves. 

Examine and sketch (1} the entire pistil, (2) a cioss-section of the 
ovary, (3) a longitudinal section ot the ovary, of each of the following 
flowers —Narcissus, Tulip, Butteioup, Marsh Marigold, Wallflower, 
Ins, Violet, Pansy, Mignonette, Dead-Nettle, Foxglove, Snapdragon, 
Cherry, Primrose, Stitcnwoit, Red Campion, Sweet William, Mallow, 

339. Cohesion and Adhesion.—“Fusion” between the 
parts of the same or of different whorls is of common 
occurrence When the parts of the same whorl are united, 
they are said to be coherent, but when union occurs between 
the parts of different whorls, the term adherent is employed 
Adhesion is not so common as cohesion, but m most 
flowers which have a corolla-tube or penantli-tube the 
filaments of the stamens are usually adheient to the tube, 
so that the stamens appeal* to arise from corolla or perianth 
instead of fiom the receptacle Adhesion between stamens 
and pistil occurs m Orchids and a few othei plants 

The apparent “ fusion" of parts is really due to the 
formation of a ring-like upgrowth of the receptacle, carrying 
with it the free parts of the young flower, which thus appear 
to have a common base. 

When the parts of tho same whorl are free, the perianth is poly- 
phy lions; the calyx polysepalous ; the corolla polypetalou*, 
tho andreoium polyandrous , the gyneoiuui apocarpous. 
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By cohesion (union between similai floial parts) tho perianth 
beoomes gamophyllons ; the oalyx ^amosepalona , tho emolla 
gamopetalous ; the andreomm monadelpbous (stamens united by 
filaments, e g Mallow, Goise), diadelplious (nine stamens united bj 
filaments, one free, m moat Papilionaoere), polyadelphous (stamens 
united by filaments into several bundles, eg St John’s Wmt), m 
syngfenesions (stamens united by their anthois, e g Composite) , tho 
gynecium syucarpous, the styles and stigmas sometimes lumuinmg 
free 

Adhesion (union between dissimilar paita) oooius only between tho 
stamens and othei paits , the Btamens are epiphyllous when united 
by their filaments to the peuanth ; epipetalous when so united to 
the oorolla ; gynandrous when united to the style (Orchids). 


T540. Symmetry of the Flower. —Nearly all flowers are 
symmetrical, %e can be divided into two corresponding 
halves When it can be so divided along one plane only it 
is said to be bilaterally aymmetncal 01 zygomorpldti, but 
when the flower may be equally divided m several planes 
it is radially symmetrical 01 adinomorphic In regarding 
flowers from the biological point of view, we may lestrict 
these terms to the perianth A flower that can be visited 
from any side has a radially symmetrical (“regular”) 
mechanism, whereas that of a flower which can be properly 
visited from one side only is zygomoiphic (“ irregular ”) 


341. The Floral Diagram. —The general structure of a 
flower and the arrangement of its paits may be giapliically 
lepresented by means of drawings of vertical and horizontal 
sections The latter are always drawn as a ground-plan 
showing all the parts in the same figure, and the term 
“ floral diagram ” is applied to them 
It is always of great importance in such diagrams to cor¬ 
rectly represent the position of the flower with regard to the 
stem and bract connected with it The face of the flower 
turned towards the stem is called the posterior face, that 
towards the bract is the anterior one. Cohesion of parts 
may be indicated by connecting lines Difficulty is often 

experienced in conectly orienting the flower with regard to 
the stem, and it is useful to remember that there is a single 
posterior sepal in most Dicotyledons, if we except the 
Leguminosae and also a few plants in which the posterior 
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S al lias not developed Tlie parts of the typical Monocoty- 
onous flower are arranged m regular cycles of three, and 
the odd sepal is usually anterior 

Make the diagram of good size (at least 2 ms an diameter) 
To get a transverse section of a small ovary, do not lemove 
tlie sepals, etc., hut cut right acioss the flower, holding the 
flowei upside down, and cutting thm slices with a razor or 
sharp knife (beginning at the base of the flower) until the 
intenor of the ovary is exposed To cut a flower longitu¬ 
dinally ihiough the middle, it is usually best to begin the cut 
at the base of the flower 

342, The Floral Formula. —As a means of readily and 
rapidly indicating the essential featm*es m the structuie of a 
flower, what are known as floral formulae are frequently 
employed, and these, together with the diagiam and vertical 
(longitudinal) section (with the parts labelled), will lepie- 
sent all the essential features m the structure of the flower 
without a word of description being necessary 

The symbols © and t respectively denote radially and 
bilaterally symmetneal (zygomorplnc) fioweis. The signs 
cJ, $, ? respectively denote stammate, caipellary, and 
hermaphrodite (“ perfect ”) flowers The letters X, C, or F 
represent the calyx and corolla (or perianth), A and G the 
andrecium (stamens) and gyneemm (pistil), and the figure 
following each letter gives the number of parts m each senes 
Cohesion is indicated by brackets enclosing the number of 
parts , a horizontal bracket ^ indicates adhesion between the 
parts of successive whorls , a honzontal line above G- means 
that the ovary is infenoi, a hne below G that it is supenor ; 
the symbol oo is used when there are numerous parts m any 
senes The following floral formulas will serve as lllustia- 
tions:— 

Buttercup . . ®X5, 05, Aoo , Goo 

Narcissus . .. ®P(3 + 3),A8 + 8, G (3) 

Violet . tK5, 05, A5, G (3). 

Dead-Nettle . + X(5), 0(5), A2 + 2, G (2). 

Shtchwoit .... 0X5, 05, A5 + 5, G (3) 
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Draw the floral diagram and wnte the floral formula of the follow¬ 
ing flowers Lesser Celandine, Marsh Mangold, Larkspur, Bioad 
Bean, Gorae, Tulip, Ins, Early Puiple Orohid, White Dead-Nettle, 
Foxglove, Sweet William, Prinuose, Wallflower 


343. Perigyny and Epigyny. —The shape of the re¬ 
ceptacle or thalamus varies very much m difterent flowers 
The receptacle of the Buttercup is convex, and the successive 
cycles of floral parts are placed upon it, one above the other, 
the sepals arising first and the carpels last Blowers of this 
type are said to be hypogynous, and the pistil superior 



HYPOGYNOUS / PERIGYNOUS EPIGYNOUS 


Fjg 02._VeiUoal Sections of Floweia, showing dlfFeient forms of tlio Receptaole 


(Fig. 92) In such flowers the young and succulent ovaries 
are exposed to various climatic influences, including strong 
wmdS, intense sunlight, and rapid changes of temperature,' 
any of which may act injuriously upon the development of 
the ovules, if the carpels are thin and freely exposed. There 
is a tendency in most Flowering Plants to protect the ovary 
from the influences mentioned above, and this tendency finds 
expression in three distinct ways 

(1) The petals tend to unite, as also do the sepals, thus 
producing flowers of veiy specialised character (generally in 
connexion with insect-polhnation), in which the ovary is, at 
the same time, protected to a certain extent from injurious 
external influences 

(2) The receptacle becomes more or less concave, and so 
encloses and protects the carpel or carpels, leaving the stigma 
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exposed at the end of the style (e g Cherry, Rose) Such 
flowers are said to be perigynous, but m many cases only 
the marginal portion of the receptacle is concave or flattened, 
so that the sepals and petals seem to have a common origin, 
while the car pels arise from a prominence m the centre of the 
flower (e g Blackberry) In pengynous flowers the pistil is 
attached to the receptacle by its base only, and it is still said 
to be superior even when the entire receptacle is concave and 
only the stigmas project above it 

(3) The receptacle grows around the ovary so that the 
latter becomes completely embedded m it, the style and 
stigma remai n ing free Here the ovary is said to be inferior 
and the flower pengynous The ovary is thus protected, and 
an increased surface is offered for the passage of food to the 
developing ovules from the receptacle 

Make and aketoh longitudinal seotions of the following flowers * 
Butteioup, Narcissus, Tulip, Monkshood, Larkspur, Dead-Nettle, 
Foxglove, Snapdragon, Daily Purple Orolnd, Violet, Pansy, Primrose, 
jSwoot Pea, Canterbury Bell, Robo, Cherry, Bramble, Apple Deter¬ 
mine wliotliei the flowei ib hypogy hour, pengynous, or epigynous 
In each case chaw the floral diagiam and write the floral formula 


344. Nectaries. —The leceptacle frequently bears a 
fleshy or glandulai outgrowth, such as is found on the top of 
tlie inferior ovary in Umbelliferae and m the common Ivy. 
This is termed the disc. In the Blackberry the disc lines the 
outer concave part of the receptacle Very commonly the 
disc is lobed (vine. Wallflower), and frequently it secretes 
nectar Nectaries may, however, develop from, or upon, any 
part of the flowei. Thus m the Violet the appendages borne 
by two of the stamens secrete nectar into the hollow spur of 
the anterior petal In the Buttercup the small kidney-shaped 
projection at the base of each of the petals covers a small 
gland, while the petals of the Ohnstmas Rose are repiesented 
by hollow tubular nectaries. Honey glands occur upon the 
pistil of Gentians, and each sepal of the Hollyhock flower 
bears a nectary on its inner surface. 

Examine and sketch the nectaries of tlie following flowers. Butter¬ 
cup, Lesser Celandine, Clinstmaa Rose, Winter Aconite, Monkshood, 
Larkspur, Violet, Pansy, Dead-Nettle, Snapdragon. 
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345. Inflorescences. —Floweis may either be solitaiy or 
may occur in clusters In the latter case they are usually 
subtended by special leaves termed bracts Solitary flowers 
may be either terminal, as in Tulip and Daffodil, or may 
arise in the axils of ordinary leaves, as in Pimpernel 

The branching of an inflorescence may be either cyrnose 
or racemose. In racemose mfloiescences the main axis is 
stouter and longer than the lateral ones, whereas m the 
cymose type the lateral axes blanch more than does the 
mam axis beyond them The growth of the main axis is m 
this case strictly hunted, and it bears usually one or two 
lateral axes, instead of the numerous axes which chaiacterise 
most racemes 

The order of floweiing usually follows the order of 
development, and hence the floweimg m racemes is geneiolly 
centripetal, whereas that of cymes is on the whole centri¬ 
fugal That is, m the first case the youngest floweis are 
nearest the apex (in a long mfloiescence) or the centie (in a 
flat- or round-topped inflorescence"), while in the second case 
the youngest floweis are nearest the base or the outside of the 
inflorescence 

The simplest type of raceme consists of an elongated axis or 
peduncle winch beais stalked flowers (stalks about equal in length), 

e y Foxglove, Hyacinth If 
the hranohes of the ptuent 
axis branoh again bo that 
each secondaiy axis bears 
several blossoms instead of 


primitive type of inflores¬ 
cence, for it is really the 
modified upper region of the 
plant, whereas the simple 
raoeme is more highly differ¬ 
entiated and lias become 
FJg 03 —A Coiymi) Biniple by reduction Many 

terms have been applied to 
raoemose mfloiescences whioh look peouliai at first sight, but on 
further obseivation aie seen to diffei m small details only The 
more important of these are—(1) Corymb: axis elongated, flowor- 
stalks unequal in length, bunging the floweis to about the same 
level (Fig 93), (2) Spike: axis elongated, floweis sessile (Plantain, 
Orchids), (3) Catkin: a spike bearing unisexual flowers of one kind 


one, we have what is known 
as the compound l accrue or 
panicle. This is the most 
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(Willow, Hazel); (4) Spadix ■ a spike with ileshy axis, usually 
bearing unisexual flowers, enclosed by a large bract, the spathe 
(Arum), (5) Simple umbel: axis shortened, flowerB stalked (Fig 
94); (0) Capituluxn ; axis bIioi toned and expanded, flowers sessile 
(Composites) 

Cymose inflorescences aie those m winch the axis ends in a 
flowei after bearing one, two, oi moie daughter-axes, eaoh of which 
may repeat the process The daughtei-axes may coiue ofl singly 
(uniparous cyme)— e.y Forget-me-not and other Borages, Sundew , 
or m opposite pans (biparous cyme)— c y Stitohwort and Campion 
Family, Red and Yellow Gentians, or m whorls of three or more 
(multiparous cyme)— e y Elder 




Examine and sketch the vai ioub kinds of flat-topped inflorescences 
met with, noting that plants with lnfloiesoenoes of this kind are found 
in many difteient Orders —e y Cruoiferae (Candytuft, etc ), Rosaceae 
(Clieiry, Rnwan, Meadowsweet, Hawthorn, eto ),Leguminosae (Cloveis, 
Lotus , eto ), Umbelhfers, Ivy, Dogwood, Elder, Yalenans, Dipsaoeae, 
Sheep’s-bit, Compositae, eto 

It seems probable that all cymose mfloresoences have been dei ived 
fioni laeemose ones by a shortening of the mam axis and a delay in 
the development of the luteial blanches, to which the mam power of 
l^rowth is at the same time transferred The oymose mfloresoenoe 
is certainly an advance upon the laeemose type, for in the former 
new flowers continually appear on the exposed surface of the inflores¬ 
cence, while the fruits ripen seoui ely buned among the older parts 
of tho moss of branches. The tendenoy m racemes, on the othoi hand, 
is to simultaneous flowering, such as is exhibited more or less 
perfectly by so many umbels and oapitula and especially by corymbs 
in mioh caseB there is an evei-piesent danger that the short penod 
of flowoiing may oemu at a time when the conditions are not suitable 
for the pioduotion of fertile seed 

Baooines such oh UioHe of the Wallflower, m which the lower 
flowers may open months before the apex of the raceme ceases 
flowering, do not inour this danger, but tho exposed position, of the 
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succulent fruits is an obvious disadvantage here and in other 
■uoifeis also If the giowmg point of a young raoeme is destroyed, 
the powei of producing flowers may be temporarily lost, whereas the 
destruction of the apex of a oyme involves the loss of a single flower 
only, and the lateial axes continue then growth with even gi eater 
vigour than before 

Compound inflorescences are those in whioh the lateral branches 
are again branched in the same way as the parent axis The com¬ 
monest kinds are (1) Panicle (raoeme of laoemes or spikes), common 
in Grasses ; (2) Compound spike (a spike of spikes), in some 
Grasses, e.g Wheat; (3) Compound umbel, much commoner than 
the simple umbel (most Umbelliferae, Fig 95) 

In many cases mixed inflorescences oocur—as, for example, 
raoemes of spikes, oapitulums, or cymes, spikes of oapituhuns, etc 
It must, however, be borne m nund that there ate only three main 
types of mflorescenoe, and these are (1) the raoenie, with its reduction 
derivatives grouped around the generalised paniole type, (2) the 

biparous oyme; (3) the umparous cyme “Mixed” mfloresoenoes 
arise owing to the fact that reduction oi alteration has unequally affected 
the different parts of the primitive pamoled inflorescence. The m- 
floresoenoe of the garden Geranium ( Pelargonium ) and of many Naroissi 
resembles an umbel, but the flower's m the apparent umbel aie really 
arranged m little oymose alnsteis, so that the whole inflorescence lias 
been termed an umbellate cymose head 
The apparent flowers of the Spurge ( Euphorbia) are really inflor¬ 
escences, which are sometimes termed cyathiums (Fig 96) Each is 

surrounded by a cup-shaped invo¬ 
lucre formed by the union of five 
braots Foiu cresoentio glandular 
soales ooour at the maigm of the in¬ 
volucre between four or the braots 
Inside the cup there appeal to be 
a number of stamens and a single 
ovary borne on a stalk The latter 
is really a carpellaiy flowei, and 
each of the former corresponds to 
a single Btaminate flower, rb is 
indicated by the faot that eaoh 
stamen is articulated to a short 
stalk, and that at this point a small 
scaly bract oocurs In some allied 
plants a small perianth is present 
at the base of every stamen, wlnoli 
clearly shows that each of them cor¬ 
responds to a single reduced flower. 

The oaourrenoe of bi acts, and the positions wlnoli they oooupy, are 
features of great importance in determining the nature of oompound 
or mixed mnorescences Braots arc usually green, and smaller and 
siniplei than the foliage-leaves. In some Sages they are brightly 
ooloured, and take on the attractive function of a coiolla They are 



Fig Hi? —IiirtoratuwuiMj of Euphorbia. 
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absent from most Cruoifeme and Papilionaceno, and the flowers (floiets) 
of most Umbellifei ae and Compositae ai e biaotless Sometimes a series 
of specially modified leaves wlnoli do not subtend flowers, and which 
therefore are, strictly speaking, not biacts at all, are grouped around 
the inflorescence Thus the end of the Daisy or Dandelion has a ring 
or involucre of green “bracts’ 8 around it, although the individual 
flowois have none In the head of the Sunflower, however, eaoh 
flower anses in the axil of a true scaly braot Sometimes, as in 
Naroissus, Arums, and Palms, the entire inflorescence is enolosed when 
young by a single laige “bract” 01 spathe The latter, howevei, is 
simply the uppermost leaf on the stem, and it is not a true braot at all, 
foi the mfloresoenoe is terminal and not axilla:y 

The student will usually have little trouble in making out the nature 
of any infloiesoenoe if the foregoing paiagiapha have been masteied 
Specimens of all the plants mentioned should be examined carefully 
Examine the inflorescences of Buttercup (cymose), Foxglove, Bluebell, 
Wallflower, Candytuft, Cherry, Cowslip, Ivy, Cow Parsnip, Pelar¬ 
gonium, Stitchwort, Chiokweed, Sweet William, Elder, Willow, 
Plantain, Sunflower, Daisy, Spurge. 


346- Contrivances and Conditions favouring 1 Cross- 
Pollination. —There are in floweis many forma, conditions, 
and mechanisms, the significance of which becomes clear 
only on the view that cioss-fertilisation is advantageous, and 
that the flowers have become adapted to it Such mechan¬ 
isms, etc , either entnely prevent self-pollination, or tend to 
do so, and are distinct adaptations for cross-pollmation. 

To commence with, in many plants cross-pollination is 
absolutely necessary if seed is to be produced, owing to the 
flowers being unisexual We have this condition in its ex¬ 
treme form where the staminate and pistillate flowers are on 
different plants (e g Willow) Some plants are self-sterile, i e. 
the flowei cannot be fertilised by its own pollen , this occurs in 
some species of Passion-flower, of Lobelia, of Abutilon, etc. 

Dichogamy is a condition m which, though the flowers 
are hermaphrodite, the anthers and stigmas come to maturity 
at different times, and which, when completely developed, 
entirely prevents self-pollination Theie are two lands of 
dichogamy • (a) protandry, where the anthers ripen first 
here the pollen grains are trausferied to an older flower, (b) 
protogyny, where the stigma ripens first. here the pollen 
grams are transferred to a younger flower Protandrous 
flowers are much more common than protogynou s. Examples 
of the former are found in OompoBites, Labiates, Harebells, 
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Ivy, TJmbellifers, Willow-herbs, etc., of the latter m Plan¬ 
tains, Woo&rush, Pigwort, Hawthorn, Chnstmas Eose, etc. 
Wmd-pollinated flowers are more often protogynous than 
protanarous, but many are unisexual. 

Wind-pollinated and msect-polhnated flowers have each 
special characters of their own, so that as a rule we can dis¬ 
tinguish them at a glance In wmd-polhnated flowers the 
pollen is produced m great abundance, as much of it must be 
wasted, the flowers are small and inconspicuous * theie is no 
honey or perfume , and fiequently the stigmas are branched 
and feathery, to catch the pollen grams 

The greatest variety, howevei, is shown m msect-pollmated 
flowers 3 there is no difficulty m recogmsmg these as being 
the most highly specialised As a lule they have large, 
conspicuous, brightly colouied coiollas, 01 are ananged m 
conspicuous mfloiescences, they usually secrete honey and 
give out perfume Pollen is not usually pioduced m gieat 
abundance, as the piovision for its transference is more 
perfect The bright corollas, the perfume and honey, serve 
to attract insects In return for the seivice rendeied by 
insects the floweis sacrifice part of then nutritive substance 
m providing food to the insects (honey and pollen), and make 
a further sacrifice of enei gy m developmg certain structures 
(corollas) which will attract the insects 

A honeyless but otherwise msect-attractmg flower is- 
sometimes called a “pollen-flowei,” examples being seen in 
Poppies, Dog Rose, Rock-rose (not a true Rose), Wood 
Anemone, Traveller’s Joy, St John’s Wort, Gorse, Broom r 
Meadow-sweet 

In many cases the coiolla is so modified that the insect 
must alight on the flower or enter it in a special way (e g. 
Labiates, Papihonaceae), the same result may he attained by 
the secretion of nectar into special receptacles 01 sptus (eg. 
Violet), or the insect, on entering a flowei, pushes against 
special processes or outgiowths winch move the stamens and 
bring the anthers m contact with its body (Sage); or the 
stamens may be jerked, and the pollen scattered over the 
insect’s body (Baiberry, Kalnna). ' 

The general result of all these devices is that the insect re¬ 
ceives the pollen on a special part of its body, and when it 
enteis another flower the pollen is deposited on the stigma* 
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,SEPALS 


SPUR 
NECTARY 

ANTHER 

.SCALE 

-- CAVITY OF 
STYLE 
SCRAPER 


If the flower-stalk were erects not only would rain get in and spoil 
the pollen and. honey, but the pollen would not fall into the “pollen- 
box If the pollen were 
sticky, the grams would oling 
to the anthers and would not 
be touched by the bee 

The flowers are homogam - 
ou 3 , since the style-tip is ready 
to receive pollen at the time 
the anthers open, but self- 
pollination is hindered by the 
projection of the style beyond 
the “pollen-box.” 

In violets the anthers sim¬ 
ply touch each other, edge to 
edge, so that some pollen may 
esoape between them, but 
most of the pollen oan only 
esoape through the small cir¬ 
cular Blit between the style 
and the tips of the anthei 
BOfld.es. In PanBies the anthers 
are firmly joined by the hairs 
on their edges, ancl the pollen 
escapes by an opening between 
the scales of the two lowest 
anthers, but this opening ib 
separated from the stigmatio 
opening above it by the Btngma- 
lip (“ soiaper”) 

In most Viola speoies plants protected against mseots seldom fruit, 
hut there is nothing which absolutely prevents, 
self-pollination by insects visiting the flower m 
the pioper way The entrance of undesirable 
mseots—small insects which would not be 
likely to effect cross-pollination—is hindered 
by the hairs on the sicfe-petalB and (m Pansies} 
on the Bides of the stigma ; the opening of the 
spur is further protected by the overhanging 
style-beak or the “ Bcraper,” the narrow 
groove on the spur-petal, the hairs lining the 
entranoe and cavity of the spur (which species 
show one or more of these features most mark¬ 
edly ?), and, of course, the length of the spur 
itself On the other hand, the visits of long- 
tongued mseots are encouraged by the con¬ 
spicuous oronge-ooloured centre of the flower, 
heightened by the dark streaks (“honey- 
guides”) which Btond out vividly from the otherwise light-ooloured 
bases of the spur-petals and side-petals (especially m Pansies) and 
which (sinoe they follow the veins) converge to the spur-opemng. 
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Pig 00 —Longitudinal Section of Flowei of 
Garden Pansy 



SPUR- 


Tig. 100 —Floral Diagram 
of Yiolut 
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{J) Examine the yellow flowers of Barberry, noting tho ftiningonionl# 
of the flower-parts in threes What peoulianty is shown f>y tho 
stamens*' Push a pointed pencil or ruatch-stiok into tho fhn\ei, imi¬ 
tating the action of a bee or wasp probing for the honey at the liases of 
the stamens, and notioe what happens 


347. Special Arrangements for Self-Pollination.— 

Many animal plants cannot afford to undeitake the lists and 
sacrifices attendant on cross-pollination, and are commonly 
self-pollinated (eg Groundsel, duckweed). They have 
small flowers, often without honey or smell, and are either 
homogamoTLS —that is, then 1 anthers and stigmas mature 
at the same tune—or so slightly dichogamous that self- 
pollination is secure Even in flowerB evidently adapted for 
cross-pollination there is commonly the possibility of self- 
pollination as a last resort Many of them are distinctly 
dichogamous, but not completely so, there being usually a 
short period during which self-pollmation becomes possibles 
To effect this theie aie sometimes special contuvances, such 
as the culling back of the stigmas to reach the pollen (c g 
Nigella, Composites, Oampanulaceae) 

A very special adaptation for self-pollination is the pro¬ 
duction of cleistogamic flowers. These are closed flowers 
produced late m the year by certain plants winch had 
previously produced oidmaiy flowers —eg Sweet Violet, 
Wood Sorrel, Henbit Dead-nettle (Laminin ctwpletFiccinle') 
The cleistogamic flowei is small and inconspicuous, the 
calyx never opens, and the stamens and pistil are developed 
in a closed case 1 


In our study of flower-mechanisms we are too apt to forget 
that self-pollmation occurs regularly in most flowers where it 
is not precluded by dioecism, complete dichogamy, or Bolf- 
stenlity, that it is larely much inferior to cross-pollination in 
its results, and that it is always better than no pollination 
In Violets the flowering-period of the ordinary insect- 
pollinated flowers is short (rarely moie than six weeks) 
and the number of flows produced is small-espeoially 
m Sweet Violets, in which flowering only lasts for a month 
and a plant produces only about six flowers, each flowin' 
I* 0 ? Vf k “ a condition ready for pollination. 

7 ^ b t d we ?' tk ® these s pnng flowers are visited 
and pollinated by bees, but flowering does not stop when no 
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more of tlie ordinary flowers are to be seen. The plant goes on 
producing flowei -buds until autumn Those winch succeed the 
early (normal) flowers do not open but are self-pollinated, so 
that fruits are continually formed during summer Finally 
m autumn a few buds aie laid down for the normal insect- 
pollinated flowers winch will open next spring 

In Sweet Violet these closed self-pollinating (cleistogamic) 
flowers have five very small petals and five stamens, but m 
Dog Violet there are only two stamens (the lowest ones) 
The anthers produce few pollen-grams (why few ?) and do 
not open, the giains sprout inside the anther, and the 
pollen-tubes grow through the anther-wall and the style to 
reach the ovules. The formation of these flowers is partly 
dependent on shade, they are always shaded by the leaves 
of the plant itself If a plant is kept in feeble light, it will 
usually produce only these cleistogamic flowers 

Like Violets, Wood Son el lelies largely upon small and 
inconspicuous cleistogamic flowers for its propagation. In 
these flowei s, produced m late Biunmer or m autumn, the 
number of pollen-grams developed m the antheis is remaik- 
ably small (about a dozen in the smaller anthers, two dozen 
in the larger ones), but the capsules produced aie much 
laiger than those arising from the ordmaiy open flowers 
The fniits produced by the cleistogamic flowers are thrust 
downwards into the soil, or at any rate brought close to it, 
by the downward curvatuie of the flower-stalk The fruits 
produced by the ordinary flowers, however, show a remark¬ 
able mechanism for the scattering of the seeds (Art 378). 

348. Insects that visit Flowers.—The chief flower- 
visitmg insects ore beetles (Ooleoptera), flies (Dipteiu), bees 
and wasps (Hymenoptera), butterflies and motbs (Lepidop- 
tera) For our puiposes, the cluef difteiences between these 
insects are the size of the body, the length of the tongue 
(proboscis), the time of year at which each land is most 
plentiful, and tlieir habits— e.g whether they collect pollen 
or honey or both, whether they fly by day or m the evening 

By carefully studying the structure of a flower, and noting 
such pomts as the time of flowering, the order m which the 
anthers and stigmas mature, the relative positions of anthers 
and stigmas in the open flower and any changes in position 
B. F. M. 19 



290 


FLOWERS AND THEIR WORK. 


that may occur, we can often tell what land of insect is 
capable of effecting cross-pollination, and whether or not 
self-pollination is possible We shall deal later with the 
characters of flowers which are mainly or entirely polli¬ 
nated by the wind, and which lack the conspicuous colouring, 
scent, and nectar characteristic of insect-pollinated flowers 
(though not necessarily oil present in the same flower) 

There is only one way in which to study this fascinating subject—by 
going out and patiently watching the various insects which visit flowers. 
If you can get to know the names of the insects, do so ; in any case it 
is usually easy to tell whether it is a butterfly or moth (four wings 
covered with scales, proboscis often long and coiled up, feelers or 
antennae with club-like ends m most butterflies, tapering and feathery 
in most moths), a bee or wasp (wings membianous, body usually 
banded with yellow and blaok , ovipositor at hindei end or female s 
body, used also as a stmg), a fly (two clear wings with no scales or 
hairs and few veins—mostly longitudinal), or abeetle (front wings 



Fig 101 —Vertical Section and Floral Diagram of Flower of Oow Panmij) 


form two hard cases—elytra—covering the two soft hinder flying- 
wings, mouth-parts adapted for biting only) However, there are 
many books on insect-study (Entomology), some of wluoli should 
be consulted, note especially the size or the insects, their habits 
and mode of life, and their mouth-parts (whether biting or suoking, 
etc ). 

It is interesting, if a microsoope is available, to examine pollen- 
grains of known flowers, sketch them, and keep preparations (mounted 
in glycerine jelly) for reference, and then to catch mseots and examine 
any pollen-grains that may be on their bodies 
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349. Flowers adapted for Short-tongued Insects.— 

MoBt flies and beetles have very short tongues, -usually less 
than 3 nun long (about one-eighth inch), and Eire only able 
to lick honey which is freely exposed on the surface, as m 



Fig 102 — A. Flower of ft Saxifrage, B, Flovvoi of C/irv8osplemvm 
(Golden Saxifinge) 


Ivy, TJmbellifers (Fig 101), Dogwood (Comus), Bedstraw, 
G-oosegrass, Golden Saxifrage (Fig 102, B),or m flowers with 
a very short tube, e g Moscliatel, Enchantei’s Nightshade 
(Fig 103), or in various shallow open flowers, eg Saxifrages 
(Fig. 102, a), Stoneerop They can of course visit any 


PETAL 



Fig. 103.—A, Flower, B, Fruit of Enohanter’fl Nightshade 


shallow flowers, and at least get pollen from honeyless 
“pollen-flowers,” e.g. Wood Anemone, Clematis, Poppy, Dog 
Rose, Rock Rose, St, John’s Wort. Some flowers show 
remarkable adaptations for pollination by flies, which are, as 
a rule, much lower in intelligence than the other classes of 
flower-visiting insects. 
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One of the commonest beetles seen visiting flowers is a small bronze- 
black one called Mtligethea , but very few beetles have tongues ovor 
3 mm Most of the larger and longer-tongued flies (e y the Tabanuls— 
Gad-flies, “ Cleggs,” Horse-flies) do not visit flowers, those just men 
tioned bemg blood-suckers, but some (with tongues sometimes os long 
as 12 mm ) are regular flower-visitors These belong chiefly to two 
families—Hover-flies (Syrphids) and Bee-flies (Bombylids) Tuuioimui 
{Et istaha, Syrphia, Rhmgia , eto ) often resemble hoes and wasps in 
having a banded body, and many flowers aie adapted for then visits, 
e Speedwell, in which the two stamens form an alighting-place for 
the fly The Bombylids also visit flowers, and some are nearly aH clever 
as the bees they resemble at finding concealed honey with their long 
tongues, of the few British forms, Bombyliua (liairy^ body, humped 
thorax, slender legs) is of great importance in the pollination of spring 
flowers, e g Primrose 

Among the smaller flies (tongues less than 3 mm long) sevoial visit 
flowers, e g Luciha (small blue-bottle), Anthomyia , Dung flics, Midges, 
Thnps; some of these feed on decaying matter, and some flowers 
appear to be specially adapted foi then visits, having a peculiar odour, 
e g Arum , Hawthorn, Mosohatel, Rowan 


(a) Examine the compound umbels of Cow Parsnip, a tall umbellifei 
common in hedgerows and beside ditches The compound umbel (Fig 
95) is derived from a simple umbel (Fig 94) by eaoh branch produomg 
an umbel of flowers instead of a single flower The result is a oonapi- 
cuous massing of the individually small flowers, the flowers all open 
almost at the same time, and the outer ones have irregular oorollas (as 
m fl, n c ° r y m ^) Why is it better for the plant to produce numerous 
small flowers and mass them together m this way than to pioduce a few 
large flowers ? 

Note the five free petals (how do those of the outei flowois differ 
irom those of the central ones?), the sepals aie small oi absent (how, 
then, are the flower-budsprotected 9 ), the five stamens alternating with 
the petals , the honey-disc loitnd the two short stigmas at tlio toil of 
the flower ; the flattened inferior ovary (Fig 101) 

The honey is freely exposed, so that insects with shoit tongues can 

net it,, nnrl t.ho Anwaro r,™ --- ^ a _■, i ., ° « 


E i, ,— ~— v, ; J “ wjuuxo uinuoi nave snoa uieir 

ollen and withered before any of the stigmas expand to receive pollen 
i this way self-pollination is prevented 1 

(6) E xamin e the peculiar “flowers” of the Cuckoo-pint (Aimn) 
common it 1,looms in Apul and May 


whilfl thA ^ u PP ei pa™ or tile spurtix, 

I?;® 7 lower bulbous portion remains closed except at the top 
where it contracts to form a narrow throat Cut open the lower part’ 

axis tt6 a ^f i a + COntl f ued ^awards, forming an 

s, round which are situated two clusters of small flowers The 

pper cluster is a dense mass of male flowers, eaoh consisting of a single 
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stamen; and the lower is a sinnlai mass of female floweis, eaoh con¬ 
sisting of a single carpel Above eaoh clustei are some abortive flowers 
that are leduced to lian-like structures, those above 


the stamens being longer, dneoted downwards, 
and lying m the contracted portion of the spathe. 

If the flowei under examination lias leoently 
opened, we find that the iemale flowers only aie 
mature, but if it is one that has been open for 
some time, the female flowers aie beginning to 
develop into fnnta, and at the same time Becrete 
a sweet fluid, while the male dowel's are shedding 
their pollen Thus the female flowei s are not 
pollinated by the agenoy of the male dowel's above 
them , how then are they pollinated 9 

On opening the lower part of the spathe we 
always find within it a number of little flies 
(“midges”) whioh have been assisted m finding 
then present abode by the conspicuous natuie of 
the spathe and spadix All these flies me mote oi 
less dusted with pollen collected either here or 
from flowers previously visited When the dies 
visit an Arum during its fiisb or female stage, they 
find no food, and oiawl about m their attempts 
to escape , but they are seouiely entiapped by the 
hairs at the neok of the spathe, wluuli bans, 
pointing downwards, allow easy access to the 
mtei lor, but effectually prevent escape How- 
evei, in tliBir movements the flies lub their 
bodies over the sticky stigmas, which are thus 
pollinated by the grains previously obtained m 
other Arums 

The fertilised ovaries now begin to develop into 
fruits, while the anthers open, shedding abun¬ 
dance of pollen-grains thut cover the bodies of the 
lmpiiHoned flies Then the bans withei, setting 
free the flies after the woik of pollination has 
been effected, and after they have become oovertd 
with pollen to rnepaie them for a lepetition of 
the process m otnei flowei s visited 


350, Flowers with, partially Con- Ms km -Simdj* of 
cealed Honey.—Many flowers Lave ar- 
rangements foi concealing the honey from ^tuiw tim 
the shortest-tongued insects, bo that the 
visiting insects must have tongues at least about 4 mm. in 
length to reach it The honey may be slightly concealed by 
tbe stamens— e.g. Buttercup, Stitchwort; by the erect, stiff 
sepals in the smaller Crucifers; by the formation of a shallow 
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receptacle-cup in many Bosaceae —eg Strawberry, Cinque¬ 
foil; 01 by a short corolla-tube —eg the shortei-tubed Com¬ 
posites and Labiates, Valerians, Viburnum, Guelder Eose, 
Speedwell Such flowers aie visited by the longer-tongued 
beetles and flies, as well as by insects of higher type 

351. Flowers with fully Concealed Honey.—Tins type 
of flower differs only m degiee from the last Here the 
honey is out of the leach of the short-tongued insects, and 
can only be obtained by those having tongues about 6 mm 
long, including the longest-tongued flies (chiefly the Hover- 
flies and Bee-flies) and the shorter-tongued bees —eg bur¬ 
rowing bees (Andiena, tongue 2 or 3 mm ), hive-bees' {Ajgis, 
tongue 5 or 6 mm )—and wasps 

The concealment of the honey is effected by a further 
deepening of the flowei, due to formation of a receptacle- 
tube, or to the sepals or petals (oi both) growing out verti¬ 
cally fiom the receptacle (instead of spreading as m shallow 
flowers), and in many cases bemg joined below to a tube —i e. 
being gamosepalous or gamopetaJous. 

Examples of medium-tubed floweis are seen m Blackberry, 
Currants, Gooseberry, Pasque Flower, Willow-herb, Geranium, 
Mint (compaie these to see how the tube is formed m each 
case, and try to find other examples) Some flowei s seem to 
be chiefly visited by wasps, e.g Figwort (Scrophnlai ia) t Snow- 
berry, Epipactw, Cotoneaster 

Some of the most interesting flowers belong to this type and 
the next, including the characteristic “ bee-flowers,” i e flowei s 
adapted to, and extensively visited by, bees. 


352. Long-tubed Flowers.—When the flower-tube be¬ 
comes longer, all these shorter-tongued insects are moic or 
less completely excluded, aud the flower is adapted for, aud 
chiefly visited by, the huger bees (especially the humble- 
bees), butterflies, and moths Many flowers belonging to the 
y, Daffodil, and Iris families of Monocotyledons come 
under this type In most long-tubed flowers the honey is 
found only in the lower part of the tube, but in Crocus it 
fills the space between the style and the long flower-tube, and 
is therefore easily reached by bees and butterflies 
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Flowers like those of Papilionaceae, Snapdragon, and Toad¬ 
flax oan only be opened by large bees, and only the longest- 
tongued bees can reach the honey in such flowers as 
Monkshood and Larkspur The humble-bees have longer 
tongues (about 10 mm in Bombus terrestris, 20 mm in B 
hortorum and m Anthoyphora) than hive-bees Moreover, the 
humble- and hive-bees have the most perfect mechanism (the 
« pollen-baskets ” on the hind-legs) for collecting pollen to 
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Some of the chief points in the wonderful meohanism of Oiohid 
flowers can be made out in the Early Purple Orchid (Orchis maacula), 
which sends up in April a rosette of strap-shaped leaves sui rounding 
the infloresoenoe The latter is a raceme, out the stalks of the flowers 
are very short, the long inferior ovary makes a long flower-stalk 
unnecessary, as it pushes out the flower and exposes it to visiting 
mseots 

Note the thiee sepals, alike in form and size , the tlnee petals, one 
of which is larger than and different in shape from the other two This 
large petal [labdlum) consists of a broad lip and a curved spur; it is 
really the uppermost petal, but has been brought round to the front of 
the flower by the twisting of the ovary, aa can easily he mode out 
There ib hut one stamen, winch is earned up with the style so as to 



Fig 100.—Pollination of Qroliid by a Bee 

At 0 tlie polluua have bent forward and will touoli the stigma of the next flowei 

visited. 

stand above the stigma, and it consists of two club-shaped bodies, the 
pollinia. Eaoh pollinium is enolosed in a sheath winch opens by 
a slit on eaoli side, and the stalks of the two pollinia are joined 
below to a stioky diso The pollinia represent an anther, eaoh lobe con¬ 
sisting of pollen-giains massed together into paokets joined by elastic 
threads 

A bee visiting the flower pushes its head against the diso as it pokes 
its tongue into the spur, and when it leaves the flowei it carries off 
the poDmia, planted on its head The disc then contracts, bending 
downwards and forwards as it dries, so that the thiok end of a pol- 
linnim will touch the stioky stigma of the next flower visited and some 
of the pollen will be dragged off 
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The pollima remain fixed on the bee’s head, because the sticky diso 
soon hardens, so that a single pair of pollima may be earned about for 
a long time and pollinate several flowers before all the pollen is pulled 
off by the stigmas One often sees a bee, wlnoh has been visiting 
orchids, carrying a dozen pollima stuck on its head and thorax Push 
a pointed pencil into the spur of the labelluni (to imitate the action of 
a bee thrusting m its tongue to sorape the honeyed walls of the spur) 
Notice the two club-shaped masses of pollen which are withdiawn rioni 
their pockets and remain attached to the period by the sticky mass at 
the base of their stalks What change m position do the pollima 
imdergo after bomg lemoved, and how does this help in bringing about 
cross-pollination l/ 

353. Butterfly- and Moth-Flowers.—Wlien the flower- 
tube (or at any rate the level of the honey) is more than 
about 12 nun (about half an inch) deep, the honey is beyond 
the reach of bees, though they may visit the flowei for pollen 
or the humble-bee may bite through the tube and thus rob 
the flower of its honey Q-ood examples of butterfly-flowers 
are seen in Eed Campion and Ragged Robm, but butterflies 
also visit many flowers adapted foi bees, most ButiBh butter¬ 
flies and moths having tongues of about the same length as, 
or a little longer than, those of bees (about 15 mm ) 

Some moths, however, have far longei tongues (30 mm m 
a few British species), 1 which are (as m butterflies) carried 
coiled up m a spiral under the head when flying These 
moths can reach honey even when it is at the bottom 
of a very long tube, as in the Honeysuckle, which is 
visited chiefly by the night-flying Privet Hawk-moth, and 
the "White Convolvulus, which is said to be pollinated by 
another species of Hawk-moth (Sphinx convolvuli, tongue 
80 mm long), and to set seed very seldom in England owing 
to the rarity of this moth Other flowers pollinated by 
night-flying moths are the "White Campion (Lychnis vespei - 
tina). Evening Primrose, Tobacco Plant, Privet, Bladder 
Campion. Moth-pollmated flowers are white or pale-coloured, 
sweetly scented, and open in the evening, usually remaining 
closed and almost scentless during the day. 

Examine the following moth-pollinated flowers *—Tobacco-plant, 
Honeysuokle, Evening Campion, Evening Primrose Make and 


1 In some foreign moths the probosoia roaches the astonishing length 
of 300 mm. (about 12 inohes). 
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sketch a longitudinal section of each flower Note the condition of 
the flowers at different times (day and evening), and try to follow all 
that happens in a single flower from the time it first opens until it 
finally doses (after being pollinated) 

354f. The Flower-Tube. —It is interesting to oompaie the various 
ways in which the flower becomes tubular m form, so as to protect the 
ovary, to conceal the honey, to shelter the pollen from ram, to exclude 
short-tongued insects, etc The study of development shows that, 
starting from the simple ‘ ‘ kypogynous ” condition, the formation of a 
“perigynoufl” 01 “epigynous” Bower, of a “ gamophyllous " peuanth, 
of a “ gamosepalouscalyx, of a * * gamopetaloua ” corolla, of “epipeta- 
lous” stamens, etc , m short, all the oases of ££ cohesion ” and “ adhe¬ 
sion ” are due to the growth of the receptacle during the flower’s 
development, and that all these conditions in the matiue flower are 
due to differences m the extent of this giowth It is important to 
remember this, as the various terms in ounent use tend to obsoure the 
facts of development, and even to imply that actual “fusion” 000111*8 
after the various flower-paits have been developed 

355. Protection against Bain.—The flowers olieady 
mentioned sliow examples of the various ways m winch the 
pollen may be protected against ram Pollen-grams, like 
seeds, aie much less lesistant to extremes of tempeiature and 
tQ drying when once they have been moistened and have 
begun m consequence to germinate In some flowers, 
especially those whose pollen is exposed to ram when the 
flowei opens, the pollen-grams are not readily wetted, having 
a covering of wax or of spmes, etc In most cases, however, 
the grams lose them powei to germinate if wetted and then 
allowed to dry 

Many flowers protect the pollen by their horizontal or 
drooping position, e g Heaths, Bluebell, Lily of the Valley, 
Solomon’s Seal, Violet, Daffodil In some cases the flower 
closes up at night or in bad weather, eg Wood Sorrel, 
Tulip, Crocus, Lesser Celandine, Scarlet Pimpernel (in which 
self-pollination often occurs in the closed-up flower, by 
the stamens touching the stigma), and the same kind of 
closing is effected m the flower-heads of many Composites 
by the movements of the flowers and bracts In Lis the 
large petaloid stigmas cover the stamens, while in Orchis 
(Art 352) the single stamen is covered by a hood formed 
by one of the sepals and two of the petals. Find other 
examples. 
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356. Wind-Pollinated Flowers.—Many flowers which 
contain no honey are visited for pollen by insects, attracted 
by the coloius 01 scents of these “ pollen-flowers.” Several 
examples have been mentioned This leads to the con¬ 
sideration of floweis which have neither honey, scent, nor 
conspicuous colours, and which aie seldom 01 nevei visited 
by insects Such flowers are chiefly pollinated by the wind. 

In a few water-plants the pollen is carried by water, and 
pollination occurs at or below the surface, but this is rare, 
most aquatic plants laise then flowers well out of the water, 
and are pollinated by wind {eg Pondweed) or by insects 
{e g Water Crowfoot, Water Lilies) 

In wind-pollination it is obvious that the chances of a 
pollen-grain striking a stigma are veiy small, and that the 
plant must therefore produce a much larger amount of pollen 
than is the case m msect-polhnation. In order to increase 
the chances of pollination the pollen is light, and can there¬ 
fore float foi a considerable time m the an and be earned to 
a great distance, while the stigmas aie usually large and 
blanched, to increase the amount of their surface 

The anthers are usually earned on long dangling filaments , 
all the stamens of a flower open simultaneously, instead of 
successively as in most msect-pollmated flowers, and they 
either open only in dry weathei or are well protected (by 
catkin-scales, bracts, etc ) against ram 

In many wind-pollinated trees the inevitable waste of pollen 
is to some extent reduced by the flowers opemng before the 
leaves have unfolded, or befoiethey have giown large enough 
to form a senous obstacle to tbe wind-carried pollen In 
most herbaceous plants with wind-pollinated flowers (eg. 
Plantains, Grasses, Salad Burnet, Docks, Son els) the latter 
are carried up on a long stalk, well above the leaves, so as to 
expose them as fieely as possible to the wind. It will be 
noticed that mauy wind-pollinated plants have the stamens 
and the pistil in separate flowers, either on the same plant or 
on separate plants, and that when they are both present in 
the same fiowei the stigma nearly always matures befoie the 
anthers open, most Grasses, however, are protandrous 

Prom these details and your own observations, draw up a 
tabular comparison of entomophilous (insect-pollinated) and 
anemophilous (wiud-polhnated) flowers 
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357. Comparison of Flowers of Willow and Poplar.— Ex¬ 
amine and compare the flowers of Willow and of Poplar, winch are 
very closely allied plants In both oases the male ana female flowois 
are on separate plants, and are carried on catkins, each oatkin consist¬ 
ing of an axis bearing numerous flowers and eaoli floweL standing in 
the axil of a bract £1 Willows the male catkins are bright yellow, the 
female ones green, when the flowers open Each male nowor consists 
of two (m some species more) stamens, with a honey gland at their 
base, the female flower of a pistil with two stigma-lobes (each often 
forked at the end), ovary one-okambeied with numerous ovules on two- 
parietal placentas, and a honey-gland. The flowers are largely visited 
by bees seeking for honey and pollen among the scanty spring ilowors 

In Poplars each male flower has a largei number of stamens (twenty 
to thirty], surrounded at the base by a oup-like outgrowth (“ perianth ”), 
and the female flowei of a pistil (similar in stiuoture to that of Willows) 
with branched stigmas forming a tuft, in neither oase is there a honey- 
gland. The Poplars are wind-pollinated , then floWei’s have no honey 
to attraot insects More pollen is produced than in Willows, and the 
stigmas are more branohed, exposing a laigoi suifaco, the catkins of 
Poplars hang down loosely and swing in the wind, and aie longer than 
those of Willows, whioh usually stand out stiffly from the stem 
Moreover, Poplars flower befoie the leaves appear, and their (lowering 
is generally over by Apul, when most Willows are beginning to flower; 
many Willows flower at the same time that the leaves expand 

358. Birch, Hazel, Oak, etc. —Many foreBt-trees hear their 
flowers (or at least the male floweis) m catkins, or in clusters re¬ 
sembling catkins, but have the male and female flowers on the same 
plant In Birch, Aldei, and Hazel the male catkins hang down, so- 
that the stamens aie coveied by the scales (biacts) to winch they arc 
attached (as m Poplar), and thus protected from rain The female 
catkins are smaller, with stigmas projecting beyond the scales. In 
Hazel and Alder the catkins are formed from special buds, and arc 
nearly mature in the autumn, ready to open eaily m spring, befoie the 
leaves In Birch the female catkins aie formed in the ordinmy lmds, 
and appear along with the leaves This is also the case with liotli male 
and female flowers m Beech and Oak, in which the male flowers have a 
oup-Uke “ calyx ” , in Beech the male flowers are m a cluster at the end 
of a long drooping stalk, in Oak they are scattered along a similar stalk. 

Other Wind-Pollinated Flowers —Plants with wmd-pollmated 
flowers occur m some families whioh aie chiefly insect-pulluiatcd 
—eg Meadow-rue ( Thahchum ) in Ranunoulaoeae, Raimi Burnet 
[Potemwni) m Rosaceae Compare their dowel’s with thoHo of allied 
plants m the same family Examine also the following wind -pollinated 
flowers •— 

Fine, Larch, Tew. —In these plants the stamens and oaipolH are 
on special branokes (cones), the pollen is produoed 111 enounouH abun¬ 
dance, and the ovules are exposed, so that the pollen-grains loach the 
nnoropyle direotly 
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Stinging-Nettles. -Flowers small and green, male and female 
either on separate plants or on the same plant. In the male flower 


STIGMA 



Fig 107 —Male and Female Flo worn of Nettlo 

the stamens aie at first folded inwards and downwards, but on warm, 
diy days they spring up violently and scatter the pollen in a cloud , 



FJg 108 —Mule nnd Female Flou eiB of Dog’a Mercury 


■cut off a bianoh bearing male flowers, and observe tins on touolnng 
the ooiled-up stamens or warming the flowers Female flower with a 
tufted stigma (Fig 107) 

Bog’s Mercnry. —Floweis small, . 

green, dioecious , stamens numerous , two 
Targe stigmas (Fig 108) Some honey is 
secreted, and the flowers aie often visited 

by small insectB f ffflji 

Plantain. —Flowei-B m a spike, mark- Ira? 

■edly protogynous, when the stamens of the y 

lower (oldei) flowers hang out, after the l$k*m*nY ® Wf 
withering of the stigmas, the stamens of Y^jXj^y 
tlie upper (youngei) flowers are still m the ^ 

bottom of the ooi olla-tubo, and the Btigmas 


piojeotmg outwaids and ready for pollina Fig. ioo. 

tion (Fig 08) Some species have ooloured Him A, Fonwila infloruRoonce, 
anthers, and ai e slightly scented j these are ", of Fomale Flowei 
sometimes visited by inseotH for iiollen 

Other wind-pollmated flowers which you should examine are those of 
Hop (Fig 100), Sedges, Rushes, Dooks, Sheep’s Sorrel, Crowbouy, 
Walnut, Oriental Plane, Ash, Elm, Grasses. 
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QUESTIONS ON CHAPTER XIII 


1 What is the usual funotion performed by the various parts of the- 
flower Have you observed any cases in which functions other than 
the usual ones are performed by floral struotuies’ Show by several 
examples that the division of the flowei into fourwhoils cannot always 
be rigidly maintained 


2 Give an acoount of tlie sti uotui e and function of a pollen-gram. 

3 Describe thei processes which lead to the conveision of an ovule- 
into a seed, and state what is the difference between albuminous, 
(endos^ernuo) and exalbummous (non-endospermio) seeds, giving 


4 Describe the situation in which honey is produced in any three 
flowers you have examined. How does it profit a plant to expend its 
substanoe m the production of honey’ How is it that some plant* 
dispense with the pioduotion of honey ? Name thiee such plants 

5 Draw the flowers of any thiee of the following —Figwort, Snap¬ 
dragon, Foxglove, Salvia, Monkshood, Sweet Pea, Dead-nettle What 
do you know of the method of pollination m the flowei s you draw ? 
Explain the connection, if any, between the methods of pollination and 
the time of year at whioli the flowers appear 

6 Mention a flower which is natmally self-fertilised, and another 
which is natuially oross-fertihsed. What could you do to aid oross- 
fertihsation in the first, and Belf-fertihsation m the second case ? Is 
the seed produoed by oross-fertilisation better or worse than that 
produced by self-fertilisation 9 


7. Briefly describe, giving examples, the following foims of inflor¬ 
escence, and point out the relationship whioli exists between them .— 
spike, spadix, raceme, head, panicle, umbel 

8 State what is the essential difference between definite and indefi¬ 
nite inflorescences, desonbmg, with examples, the pnnoipal varieties, 
of eaoli (definite - oymose, indefinite = raoemose). 

9. What is meant by a floral receptacle ’ What part does it play m 
our conception of the struotiue of the flower? 


10 Name any plants you know in which the flowers are massed m 
close, flat-topped inflorescences, and mention the advantages win oil you 
suppose aie obtained by such an arrangement Name any natural 
orders that are ohaiaotensed by this type of inflorescence, and describe* 
with instances, the differentiation (modification) which the marginal 
flowers may undergo. 

11 , What flowers have you yourself observed being visited by wasps* 
by buttei flies, by flies ? What insects have you yourself seen at .Sweet 
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Pea, Primrose, Butteroup ’ Supplement this answer by information 
obtained in othoi ways, but distinguish carefully between obseivations 
and theones, faots and expectations. 

12 Desoube the inflorescence of a Daisy and of a Dead-nettle, point¬ 
ing out the features of (a) lesemblance, (/>) difference, existing between 
them 

13 Describe the process of pollination m any two of the following — 
Larkspur, Willowherb (Epiloomm), Dead-nettle, Willow. 

14 Desonbe the flowers of the Pi lmroso, and explain the adaptations 
foi pollination 

15. What is heterostjdism, and what is its importance 9 Give exam¬ 
ples of heteroatyled British plants. 

10 Mention any flowers you know which are pollinated by the wind 
Desonbe the structures involved m pollination in eaoh ooae, and show 
how they differ from the corresponding struotuios m insect-pollinated 
flowers Have you noticed any other featiues of wind-polhnated 
flowers, suoh os habitat oi time of flowering, which you oan connect 
with wmd-pollination 9 Give instances 

17. Name three flowers you have seen visited by flies and three by 
butterflies and moths How did the inseotB behave in eaoh ease? 

18 Name throe flowers fertilised by bees in whioh the essential 
organs of the flower oome into contact with the baok of the bee, and 
three in which they oome into oontaot with its underside Why are 
bees on the whole oetter agents of pollination than other insects ? 

19 Desonbe fully the differences between inseat-pollmated and wmd- 
pollinatod flowers, and mention six examples of eaoh class Are the 
seeds of wmd-pollmated flowers generally distributed by the wind or 
not? Dihcubs examples 

20 What plants may be found flowenng (either oommonly or 
occasionally) in the winter mouths in England out of doors ? 

21 What trees ocourmig oommonly in England have flowers which 
are visited by insects? You may take examples both from native and 
from introduced speoios 
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FRUITS AND SEEDS 

359. How Fruits are Formed. —The influence of fertili¬ 
sation extends from the developing seeds to the sunoundmg 
parts, causing a renewal of active giowth not only m the car¬ 
pels, but often m other parts of the flower as well. Usually, 
howevei, the stamens and corolla persist for a shoiter tune 
than they would have done had not fertilisation occurred 
The ultimate result of fertilisation is the foimation of a 
fruit The simplest definition of a fruit is that it consists of 
the parts of a single flower which persist and grow after 
fertilisation This definition covers most fruits, which may be 
divided into simple and aggregate A simple fruit is formed 
from one free carpel, as m the Bean, or from several united 
carpels (syncarpous pistil), as m the Poppy An aggregate 
fruit is formed from several free carpels, as in Buttercup and 
Blackbeiry The wall of the ovary becomes the pericarp or 
fruit-wall, which may, as the fruit ripens, either remain soft 
and fleshy or become dry and hard 

Whethei the fruit is dry 01 fleshy depends on the amount 
of water it contains when npe Dry fruits which con tain 
several seeds usually open so aB to set the seeds free, the 
pericarp breaking apart to form an opening Some dry, many- 
seeded fruits, however, split into pieces, each containing a 
single seed These two types are distinguished as (1) Open¬ 
ing or Capsular fruits, (2) Splitting or Separating fruits 
Dry one-Beeded fruits, and practically all fleshy fruits, re¬ 
main closed, and the seeds escape by the decay of the 
pericarp, or the latter may only be broken when the seed 
germinates This third type may be called (3) Closed or 
Indehiscent fruits Indehiscent fruits may be either dry, m 
which case they are usually one-seeded, or fleshy. 

304 
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360. Opening or Capsular Fruits,—The follicle 

opens along the inner side ( venhol sntui e) which bears the 
seeds, eg m Monkshood, MeubIi Marigold, 

Wmtei Aconite, Christmas Rose, Columbine, 

Larkspur (all belonging to the Buttercup 
family), also m Magnolia, Stonecrop, etc. The 
pod separates into two valves by opening along 
both the dorsal and the vential sutures The 
siliqua (characteristic fiuit of Crucifers) opens 
by two valves which separate from below up¬ 
wards, leaving the seeds on the edges of a 
partition across the fruit (Fig 110) The 
silicula is a short and broad form of the 
siliqua (Shepherd’s Purse and other Crucifers), 

A typical capsule usually consists of several 
carpels, and is dry The capsules of Horse 
Chestnut are rather fleshy when npe, and the F |§ 
fleshy capsules of the Balsam and Wood Sorrel 
are so much stretched when npe that a touch is sufficient to 
cause them to split open and throw the seeds ont violently 

Capsules usually open longitudinally, eithea 
along the doisal sutures (midribs) of the carpels 
{eg Willow-lierb, Blue-bell), or (moie iarely) 
along the partitions between the chambers of 
the ovary (eg. Foxglove, St John’s Wort). 
The capsule of Stitchwort and other Caiyophyl- 
laceae splits about half-way down into twice as 
many teeth as theie are caipels In all these 
cases the opening takes place along lines aheady 
marked out m the structure of the ovary, but 
Tmuaver^Do m some plants it follows entirely new paths 
liixtwnoo of Thus some capsules open transversely, a lid 
Ptantain ° being separated, as in Plantain (Fig. Ill), Pim¬ 
pernel, Henbane In the Poppy small pieces 
of the capsule-wall are detached, forming a series of holes 
around the top of the capsule, through which the seeds escape 
The capsules of Snapdragon and of Campanula also open by 
pores. 

Examine and make careful akotolies of the fruits of Columbine, 
Monkshood, Larkspur, Winter Aconite, Christmas Rose, GorBe, Labur¬ 
num (seeds poisonous), Peas, Beans, Bird’e-foot Trefoil, Wall-flower, 
B. F, M 20 
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Candytuft, Shepherd’s Purse, Charlock, Willow-heib, Bluebell, InB, 
Foxglove, Snapdragon, St John’s Wort, Stitokwort, Campion, Clnok- 
weed, Plantain, Scarlet Pimpernel, Henbane, Poppy, Canteibury Bell 

361. Dry Closed Fruits or Akenial (Achenial) Fruits 

are given various names, but the chief types are (1) akene 
(or achene), with membranous oi leatheiy pericarp— e.g 
Buttercups, Little Celandine, Anemone, Cinquefoil, the akene 
of Composites (Daisy, Dandelion, etc ) only differs m bemg 
produced from an mfenor ovary; (2) the grain, m which 
pericarp and seed-coat are firmly united—G-i asses , (3) the 
nut, with hard pericarp (the term is usually applied to all 
large or hard-coated akenes )—e g Hazel, Oak, Beech, Sweet 
Chestnut, Hornbeam, (4) the samara or winged akene (or 
nut )—e g . Elm, Birch, Ash The akenes of Composites and 
ValerianB often have a tuft of bans, is usually sessile but 
stalked in Dandebon and Q-oat’s-beaid, called the pappus 
(= calyx), at the top, those of Clematis have a long plume 
(= style), those of Avens a hooked style 

Examine and sketch the fruits of Buttercup, Lesser Celandine, 
Cinquefoil, Daisy, Yarrow, Dandelion, Groundsel, Thistle, Nipple¬ 
wort, Goat’s-beard, Wheat, Maize, Hazel, Oak, Beech, “Spanish’* 
Chestnut, Elm, Bircli, ABh, Valerian, Clematis, Avens. 

362. Fleshy Fruits. —A few fleshy fiuits open to let the 
seeds escape —eg Hoise Chestnut, some G-ourds, Balsam. 
Three chief types of closed fleshy fruits can be recognised. 
(1) the berry, in which the pericarp is soft and fleshy through¬ 
out except for the membranous or firm skm, (2) the drupe, 
in which the innermost portion of the pericarp forms a hard 
stone (endocarp) embedded in the fleshy middle portion (meso- 
carp), with a membranous skm (epicarp) on the outside, 
(3) the pome, which is intermediate m character between the 
drupe and the berry, and may be regarded as a special form 
of the latter 

363. Drupes (" stone fruits ”)■ —A simple drupe is 
formed from a single free carpel, and has one stone with one 
seed inside it— e.g. Plum, Cherry Drupes may, however, be 
syncarpous, m which case eacb chamber of the ovary may 
form a distinct stone or drupe. The so-called “ berries ” of 
Holly, Dogwood, and Elder are really compound drupes of 
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tins kind Tlie Walnut is a drupe from which tlie mesocaip 
(flesh) peels off during ripening, and allows the stone, en¬ 
closing a single seed, to escape The drupe of the Almond 
has a velvety Bkm and rather tough mesocarp, which splits 
along one side, the endocaip is pitted and brittle, and there 
oi e sometimes two seeds mside it 

The Coco-“nut” is a drupe in which the mesocarp 
(lemoved before exportation) is fibious The “ shell” is the 
endocarp, and the flesh inside it is the endosperm in which 
lies a small embiyo (below one of the tlnee pits at the 
broader end of the “nut”); the fruit is formed fiom a 
thiee-chambered ovary, only one chamber being fertile, 
the Bpaceintlie centre of the “nut,” filled with sap, coue- 
sponds to the cavity (vacuole) m the young embryo-sac. 

Examine, disseot, and sketch the fruits of Oherry, Plum, Almond, 
Holly, Eldei, Walnut, Coco-nut 

364. Berries usually contain several seedB, but sometimes 
only one, as m Dogwood and Date. The Berry is distin¬ 
guished fiom the drupe by the fact that the pericarp or 
“ stone ” has no hard part, whilst the stone m a drupe is the 
innermost part of the fruit-wall, and encloses the seed, the 
seeds (“pips ”) m a beny may have hard coats, but the fruit 
has no other hard parts 

The Banana, Currant, Cucumber, Grape, Gooseberry, 
Orange, Pomegianate, Bilberry, Bittersweet, and Tomato are 
all hemes, although several of them exlubit special peculiari¬ 
ties In the cose of the Gooseberry and Pomegranate, the 
outer layer of the coat of each seed is succulent, and forms 
a large part of the fruit. The “ quaiters ” of the Orange, 
Lemon, “Lime-fruit,” and “Grape-flint” correspond to the 
carpels, and the juicy part is composed of large han*s, which 
arise fiom the walls of the carpels and are filled with watery 
sap The “ Squirting Cucumber ” (JEcbcdlium) becomes 
highly turgid when lipe, so that when it is detached fiom the 
stalk the seeds are violently ejected along with a quantity of 
watery sap 

Examine, direct, and sketch the fruits of Pate, Banana, Gooseberry, 
Currants, Cucumber, Orange, Grape, Bilberry, Tomato, Bittersweet, 
Pomegranate 



308 


FRUITS AND SEEDS 


365. Pomes.—The Apple or Pear affords the Lest oxiimpk 

of a pome, being developed from an inferior ovary compose! 

of five imperfectly syiusirpum 
carpels The outer lleshy pari 
of on apple is leally a poi 
tion of tlio recepi-neio, while 
the pnrelimeut-hko mem 
brane wlncli forms anmin 
the wall of each chamber ol 
the ovary is mainly carpnllarj 
in origin, the “ pips ” Iwiin*. 
of com se i.ho seeds. Pome* 
also occur in Rowan, Haw 
thorn, Quince, Medial 

Examine, dissect, and hIuiIoI 
the fruits of Apple, Pear, (,juint*o 
Medlar, Rowan, Hawthorn 
CotoneaBtor 

366. Splitting or Sepa 
rating Fruits (Schiaso 
carps) are so called because 
they split into two or mow 
112 ~^vmaipM ,littlnB tnt ° one-seeded paits (atones o 

A, of Hedysarum , B, of Maple , C, of lUlts) Examples ftVO HOOU il 
Lamlum, D, of Geranium SycaUlOl'e and Mliplo ( Pig 

112, b), XJinbollifcrs (Fig 
113), Geranium (Fig 112, d), the Labiate and Borage familioi 
(Fig 112, o'), Mallow (Fig 114). 

In some Leguminosae (eg. Hedysarum, the 11 Frond 
Honeysuckle”) and some Crucifers (eg Radish) the frui 
sphts across into one-seeded pieces, and is called a lomentun 
(more strictly, a lomentaceous pod, or siliqua, as the caw 
may be), Fig. 112, a 

The one-seeded parts into which a seliizooarp splits do no 
nBiially open to let the seed out; but this does occur ii 
some cases— e g Spurges, Geranium 

Examine and sketoh tho fruits of Hyoamoru, Maple, Cow Parsnip 
Geranium, Mallow, Dead-nettle, Eorgot-mo-nob, Radish, 11 Prone! 
Honeysuckle ” (Hedysarum, oultd.), Spurge. 
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367. Aggregate Fruits may consist of a number of 
follicles, as in Christmas Eose, Marsh Marigold, Monkshood, 
etc , or of a number of akenes inserted on a convex receptacle, 
as in Anemone or Strawberry, or inside a concave receptacle, 



as in Rose, or they may consist of diupes on a convex recep¬ 
tacle, as in the Blackberry or Raspberry Notice m each 
case whether the receptacle is dry or fleshy 

Examine and sketoh the fnuta of Strawberry, Rose, Blaokbeii}*, 
Raspberry, Butteioup, Columbine 



FJg 110 —A, Fruit of FJg out In hnlf \ertloally, B, Finit of Mulberry 


368- Special Types.— The fruits developed from a gioup 
of flowers or dense inflorescence are often aggregated m 
closely packed clusters, such as are formed by the fleshy led 
berries of the Honeysuckle and by the clustered fruits of the 
Mulberry, the perianths of whose flowers become fleshy and 
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mclose tlie carpels (Fig. 115, b) Tlie Pineapple is a spike- 
like inflorescence, in which the axis becomes fleshy during 
ripening, and the individual fruits fuse together The Hop 
has an inflorescence consisting of an axis beanug mem¬ 
branous scales, m the axil of each of which there are two 
female flowers (Fig 109) , the scales are shed when upo 
with the fruits attached to them. The Fig is formed by 
a hollow, pear-shaped capitulum bearing male and female 
flowers, the “seeds” being really alcenes (Fig 115, a). 
The Date is a berry, the hard stone being the seed The 
Banana is also a berry which, owing to cultivation, dooH not 
produce Beeds 

Examine, disseot, and sketch the flowers of Honeysuckle, Mulberry, 
Pineapple, Hop, Fig, Banana, Date 


369- Dispersal of Seeds and Fruits.—Such a plant 
as a Cherry tree may produce thousands of fruits and fertile 
seeds m a single season, although none of the latter may 
succeed in establishing themselves as young seedlings beneath 
the shade of the parent tree Even if the parent plant is 
cut down, or dies at the end of the season, it can baldly 
make room foi more than one or two of its offspring 
Hence it is of the utmost importance that tlie seeds should 
be affoided some chance of distributing themselves, and 
reaching localities suitable for the development of new 
trees Animals, and especially biuls, act as the dispersing 
agents in this case, fiequently carrying the fruit to a 
distance, and rejecting the hard stone which protects tho 
seed 

Even m the case of annual plants, the dispersal of the 
seeds is of great importance, for it is evidently impossible that 
the thousand or so seeds which a single Sunflower may pro¬ 
duce can gei inmate and become healthy seedlings on the same 
area that the adult plant occupied The means of dispersal 
adopted by different plants vary widely, and aro free neatly 
such as to secure the almost ubiquitous distribution of 
some plants The four commonest agencies by which dis- 
persal secured are (1) wind, (2) water, (3) animals, 
and ( 4 ) explosive or ejection mechanisms in the fruit, 
itseii 
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370. Dispersal by the Wind is facilitated by the 
minuteness or lightness of the seeds 01 fruits, and by the 
presence of tufts of hails or wmg-hke membranes winch 
increase the surface exposed to the wind without appreciably 
adding to the weight It is only m the case of dehiscent 
fruits that mechanisms for wind-dispersal aie borne by the 
seed, closed fruits and the segments of splitting fruits are 
themselves distributed and possess contrivances for dispersal, 
while the seeds have none and aie earned inside the fruit. 
The seeds of Orchids are so small and light that, when they 
are set free by the dehiscence of the capsules, they are 
fieely blown about by the wind Hence the leadmess with 
which epiphytic Orchids establish themselves upon the trunks 
of tropical tiees. 

When the seeds are lai ger and heavier, the fruit frequently 
opens m such a manner that the seeds can only escape a few 
at a time and are jerked out when strong winds lock the 
capsules to and fro This censer mechanism is seen in 
follicles and many capsules, e g those of Poppy and Cam¬ 
panula (Haiebell, Canteibury-bell), which open by pores, 
those of Campions, Stitchworts, Pinnioses, etc , which open 
by teeth at the top, besides m capsules opening by slits or 
a lid; also in the fruiting heads of some Composites which 
have no pappus on their akenes, e g Sunflower 

As an aid to wmd-dispersal, seeds are frequently flattened 
(Wallflower, etc), as also are the fruit-segments of Urn- 
bellifers and the akenes of Buttercups and Composites. 

Very commonly, however, special structures are present 
which enable seeds, or more frequently akenes, to be more 
readily carried by the wmd The plumed seeds of the 
Willow, Poplai, Willow-herb (JE[niobium), Bog Asphodel, 
and Cotton-plant have hairy outgrowths Winged seeds 
occur m Pines, Yellow Rattle, Deutzia, and Bignonia 
(“Trumpet-flower”) The winged akenes (samaras) of 
the Ash, Elm, and Birch afford good examples of winged 
fruits in which the wing is an outgrowth of the pericarp. 
In the Maple and Sycamore each fruit splits into two or 
three winged samaras The Hornbeam has persistent bracts 
winch form a wing on the fruit, a similar bract-'wmg ocours 
in the Hop, In the Lime-tree {Tiha) the stalk hearing the 
cluster of nuts hangs down, and the large bract attached to 
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it acts as a late or aeroplane Bracts also act as wings to 
the fruits of Bougainvillea and Mirabilis (Marvel of Peru) 
—two tropical but commonly cultivated plants In Docks 
the fruit is covered by the “ calyx/’ which bears three wmgs 
In some cases the wing is funnel-shaped, or parachute-like, 
as in Thnft (peisistent papery calyx) and Teasel (persistent 
bracts around, the flower) « 

A few examples of plumed fruits ( z e fruits beaiing hairs 
or hairy appendages) may be given In Clematis, Pasque¬ 
flower, and Dry as each akene has a persistent hairy style; 
in Cotton-sedge the fruit bears numerous long silky hairs, 
produced by the perianth, m Bulrushes hans are pro¬ 
duced by the stalk on which each fruit is earned The most 
highly developed plumed fruits occur in Valenans and 
many Composites; m these plants the calyx grows after 
fertilisation, and forms a ring of Lairs (the pappus) on the 
top of the fruit G-ood examples are seen m the Dandelion 
and the G-oat’s-heard, where the pappus forms a parachute 
earned on a stalk If the air becomes moist the parachute 
closes up, and the fruit falls to the earth, and is washed into 
the boiI by the first shower of ram 

Dispersal by wind mvolves a greater loss of seeds than 
dispel sal by animals, for the latter usually frequent fertile 
localities wheie the seeds have a chance of germinating, 
whereas wind-dispersed seeds may fall upon sterile or un¬ 
suitable localities, or may be carried out to sea It is for 
this reason that winged and hairy seeds aie usually absent 
from the plants of the seashore Hence also arises the fact 
that wind-dispersed seeds are usually produced m relatively 
greater abundance than those dispersed by animals 

Examine and sketch, with special reference to their adaptations for 
wind-dispersal, the fmita of Poppy, Canterbury Bell, Campion, Stitch - 
wort, Oow Parsnip, Butteroup, Ash, Elm, Biroh, Maple, Sycamore, 
Hornbeam, Hop, Lime-tree, Marvel of Peiu, Docks, Thrift, Clematis, 
Cotton-Sedge (“cotton-grass,” in bogs), Valerian, Dandelion, Goat’s- 
beard, Thistle, Gionndsel, and the aceds of Willow, Poplar, Willow- 
herb, Pme, Yellow Rattle, Bignoma. 

371. Dispersal by Water is uncommon, and occurs chiefly 
m aquatic plants. Seeds may also be earned on the mud 
adhering to the feet of aquatic birds In plants which grow 
on the margin of streams, as well as in those aquatics whose 
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leaves are aerial (e.g. Water Plantain, Arrow-head), the seeds 
may fall into the water In some cases (e g Alder) the seeds 
aie enabled to float to a distance by being provided with a 
spongy coveimg which contains air This is also the case m 
Water LilieB, but in these—and m most submerged or float¬ 
ing water-plants—the fruits are developed under watei, and 
■ire eithei achenes, nuts, or splitting fruits which separate 
into hard one-seeded parts 

372. Dispersal by Animals may be either passive or 
active , the seeds may be earned either inside or outside the 
animal Many fruits possess hooks, and hence may adhere 
to the wool or fiu* of passing animals These adhesive con¬ 
trivances aie usually outgrowths of the fruit and not of the 
seed Examples aie afforded by Avens (hook = persistent 
style on each akene) ; Corn Butteicup; Goosegrass , Wood¬ 
ruff, Medick (pod coiled, bearing hooks), Hound’s-tongue , 
Sanicle, Cairot, Chervils, and a few other Umbelhfeis, 
Agnmony (hooks on leceptacle) , Enchanter’s Nightshade 
(Fig 103). The flower-heads of Teasel and Burdock have 
hooked bracts so that a passing animal may catch the plant 
and drag it forwaid, the lebound causing the fruits to be 
jerked out, or, in Biudock, whole buis (fiuit-heads) may 
thus catch on to the annual and be earned off In Burweed 
( [Xanthmm , a curious Composite, found m South England 
but not native, with small heads of unisexual flowers) the 
female flower-head is covered with hooked prickles and ends 
in two short conical beaks, and m Bui*-marigold ( JBidens ) 
each akene has a pappus of two or three stiff bristles covered 
with small downward-pointing prickles The most formidable 
hooked fruits occur in tropical plants such as Martynia and 
Harpagophytum, which are usually shown m botanical 
museums. Hooks and spines also serve to protect fruits 
against animals which might otherwise eat them, this is 
probably the case with the spiny capsules of Horse Chestnut, 
the stiff bnstles (awns) of Barley, etc 

Active dispersal takes place when animals seek out fleshy 
fruits in order to devour them. The seeds are protected by 
haid Btones in the case of drupes, or by thick leathery seed- 
coats in the case of most berries, by the pericarp in fruits 
such as those of the Strawberry or the Hose. In most cases 
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the covering of the seed is hard and quite indigestible, and m 
not a few cases the seed itself is poisonous Hence m many 
cases the seed can pass thiough the am mars body without 
being injured, and if deposited m suitable soil may succeed 
m germinating Very often, however, the haid part of the 
fruit is never swallowed, but allowed to fall to the ground 
after the soft part has been pecked, for the animals concerned 
m this mode of dispeisal are usually bnds, whose gizzaids 
may crush small seeds and destroy them 

The surface of the fruit is usually conspicuously coloured. 
The pulp or flesh (often sweet and aromatic) may be pi oduced 
from almost any part of the flower from the ovary-wall 
(Cherry), the receptacle (Apple, Strawbeny), the penanth 
(Mulberry), etc. Sometimes the seed has a coloured fleshy 
aril or extra seed-coat —e g Spindle-tree, Tew, Nutmeg 
(“Mace ” = anl) Most, but by no means all, fleshy and 
bird-dispel sed fruits occrn on trees and shrubs (why P) 

Dry fruits (Acorns, etc ) may also be actively dispersed by 
such annuals as squirrels, etc , for these animals often forget 
some of the hoards they lay up in autumn This is, however, 
an accidental mode of dispersal, and, except in the presence 
of a hard pericarp, the structure of the fruit shows no special 
adaptations which might lender this land of dispeisal more 
constant and piofitable 

Collect, examine, and sketch fruits adapted for dispersal by adher¬ 
ing to animals, e g Com, Buttercup, Avens, Goosegrass, Carrot, 
Medick, Sanicle, Hound’s-tongue, Teasel, Agumony, Enchanter’s 
Nightshade, Burdock In examining fleshy fruits, note which parts 
are (1) brightly colouied, (2) fleshy and edible, (3) hardened to protect 
the seeds 


373. Explosive Fruits, —Some fruits show active move¬ 
ments by which the seeds are scatteied or flung out suddenly 
These movements often depend upon extieme turgidity m 
some part of the fruit —e g in Squnting Cucumber and Bal¬ 
sams—or of the seed itself Li some Balsams the fleshy 
capsules have swollen and stretched walls, so tliat a slight 
disturbance causes the capsule to burst, and the seeds are 
thrown a few feet away 

In some dry fruits the ejecting mechanism depends upon 
tensions set up by the drying of the fruit wall. In Pansies 
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and most Yiolets the flower-stalk grows up erect after pol¬ 
lination has occurred, and the ripe capsule splits down, mid¬ 
way between the three lines of seeds, into three boat-shaped 
pieces, and as these diy they contract and squeeze the seeds 
together, the piessure causes the polished and slippery seeds 
to be flicked out forcibly and tin own to a considerable dis¬ 
tance (sometimes as much as six feet, m Gaiden Pansies), just 
as one can flick a slippeiy orange seed by pressing it between 
finger and thumb 

In Geiamuui (Pig 112, d) the eaipels split apait, and the 
style splits oil a slender thread attached to each carpel, these 
thieads suddenly cuil upwards and outwaids, so as to tlnow 
the seeds out The ripe pods of G-orse, Bioom, Lupin, etc , 
suddenly buist open, the two valves becoming twisted and 
the seeds scatteied More or less similni explosive mechanisms 
occur in various other plants 

(a) In ripe fruits of Wood Son el notioe that Bruno of the chambers 
may be empty ; if so, find the slit tluough wluoh the seeds have 
■escaped. Tins suggests that the seeds aie in some way foioed out of 
the chamber h, the longitudinal slit i mining down the middle of the 
cliamboi-wall closing up again at once How do the seeds escape 1 
Try squue/mg upo flints between the hngeis until you succeed in 
causing seeds bo spnng out How far may a seed be loiked awn.y* 
By oaiefully examining (1) a npo fruit with the seeds still inside, (2) a 
fruit from which the seeds have escaped, i3) the seed itself both befoie 
and after its esoapo, you should he able to discover that the seed has a 
thick fleshy extra coat (an/) covering it like a cup, and that this ooat, 
by suddenly turning inside out, causes the seed to be shot out of the 
fruit through the slit in the chamber-wall 

(h) Examine and sketch the fruits of Violet, Pansy, Geranium, 
Goise, Broom, Lupin, Box-tree, Spurge, Hairy Bitteiciess Try to 
find out how the seeds are ejected in eaoli oase 


374. Practical Work on Fruits and Seeds. —Collect 
all lauds o± fruits, belonging to botli wild and cultivated 
plantB, and arrange them according to (1) their stiucture, 
(2) their adaptations for seed-dispersal. Make sketches 
of all the fruits you examine, cut them across or open them 
up to make out the structure Distinguish between one- 
seeded fruits (akenes, etc.) and true seeds, and notice which 
part of a fruit is fleshy, winch part forms wings or tufts of 
hairs, etc Carefully notice and compare the times taken for 
a winged or plumed fruit or seed to fall to the floor (1) with 



316 


FRUITS AND SHEDS 


the wings or plumes still on it, (2) after removing them. 
Watch the scattering of flattened, winged, and plumed flints 
and seeds on a windy day Why do some winged fruits—- 
eg Ash- and Sycamore-* 1 keys”—whirl round while being 
blown away, and what are the advantages of this ? 

The structure of small seeds is beBt made out by the examination of 
thin sections Rather puzzling appearances me, however, presented 
when the embryo is curved or twisted instead of being stiaight, 01 * 
when the cotyledons are folded, or divided into lobes, for m such oases- 
the same part may be out twice m the one sootion 

In some Beeds special outgiowths or arils are formed at the point of 
attachment of the seed ana funiole, 01 from the siuface of the Heed. 
These assume the foim of wartlike, fleshy exciescenoes in the need* 
of the Pansy, Castor Oil plant, and the Spurge In Lho Willow and 
Poplai the anl is represented by a tuft of hairs which grow out front 
the funiole Occasionally the aril forms an irregular fleshy investment 
to the seed, an example of which is affoided by the maoe of Nutmegs. 
The succulent part of the ted “ beny ” of the Yow is simply a special 
kind of anl, as is shown by its mode of development 


QUESTIONS ON CHAPTER XIV 

1 Distinguish between synoaipous and apocai'pous fruits, and givt* 
examples of common table fruits under both heads 

2 Compare carefully the flower and fruit of a Rose with those ot n> 
Buttercup, and explain, by means of diagrams, the principal differences 
between them 

3 Show by comparative drawings of the flower and fruit of the 
Apple, the Rose, the Blaokberry, the Plum, and the Stiawbei ry just 
what parts of the flowei and fruit correspond to one another m cacli 
case 

4 Mention two plants, eaoh of wlnoh possesses a persistent oalyx. 
Fully desonbe the calyx, and explain its use to tlio plant in both 
cases 

5 Describe and compare the fruits of the Rose, Fie, Strawberry 
and Mulberry 

6 Give instances of seeds oi fnuts wlnoh are dispersed (a) through 
the agency of the wmd, and (/>) thiough the agency of animals. Of 
what advantage is it to plants that their seeds should be thuw 
dispersed 9 

7 Desonbe examples of fruits or seeds wlnoh are dispersed bv 
water, pomtmg out any adaptations for tins method of dispersal 
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8 Give an nocount of the vai ious ways m wlnoli seeds are protected 
dining the period of ripening 

9 Desoribe with the help of diawings five different devices by wlnoli 
woods are soatterod Doscube any experiments you have made oil the 
scattering of seeds 

10 Mention any fruits or seeds you know which are distributed by 
the agenoy of animals Desoiibe the stiuotiues used in five cases 
Have you made any personal observations on such distnbution 9 

11 Write a short account of the stmobiue of the moie common dry 
dehiscent fiuils, and explain how the seeds aie soatteied m those 
examples wlnoh you desenbo 

12 Desoribe examples of explosive fruits, and try to explain the 
mechanism m each ease 

13 Describe the following fuuts —Plum, Strawberry, Raspberry, 
Apple, and Orange What is the natuie of tho edible portion m each 
case 9 

14 How are the seeds of Cheny, Field Geiamum, and Pine or Biroh 
dispersed v 

15 Desoiibe in detail, with oaieful drawings, the parts of the plant 
used m the distribution of seed, in foiu oases observed by youiself, in 
wlnoli the seed is distributed by the agenoy of annnalB How do the 
fruits whose seeds are thus distributed diffei from those distributed by 
wind ’ 

10 How do you know that a Strawbeiry “pip” is a fruit, while a 
Gooseberry “pip” is a seed? Mention any other “pips” you know, 
with diawings of thiee oases showing the sun minding structures, and 
say in each case whether the “pip” is a fruit or a seed. How are 
“ pips 55 usually distnbuted 9 

17 Give a oonoise life-history of any one annual plant that you 
have grown throughout tho year, with approximate dates at wlnoh the 
diffei cnt organs appeared, stating at the same time the conditions 
undor whioh it was grown If possible, give sketches of the different 
phases of development 

18. Traoe the life-history of any plant, living for moie than a year, 
whioh you have carefully tended under cultivation from seed and back 
■again to seed 
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THE BEAN" FAMILY 

375. The Study of Typical Plants. —In tlie following 
chapters we shall study vanoue common plants as “types’* 
of certain orders or families Each of these plants 
should be studied throughout its life history. The 
best way is, of course, to make repeated visits to the growing 
plants at short intervals, day by day (and at different tunes 
of the day in some cases), week by week, month by month, 
throughout the year In any case—more especially if these 
frequent visits cannot conveniently be made—dig up the 
smaller plants and keep them undei continuous observation, 
indoors or in a garden, making notes and sketches of the 
various stages in the progiess of the plant’s growth and 
development Sow the upe seeds of each plant and study 
the stages of germination and the growth of the seedling 
into the mature plant Carry out all the experiments 
mentioned in connection with each plant and any others 
which suggest themselves as being likely to yield answers to 
the questions arising from the study of the plant itself 
Many plants which do not grow wild in Britain, or are 
rarely met with as wild plants, are grown m gardens, or can 
he bought from nnrseiymen. If possible get the “ roots ” or 
bulbs and grow the plants, or sow their seeds. 

Among the many points to be attended to, the following may be 
mentioned — 

(1) The habit (form and general appearanoe) of the plant— e.g tree, 
shrub, climbing, deeping, rosette-fotm, ereot herb, bulb-forming—and 
the advantages and cnsaavantagea of the habit. 

(2) The habitat (plane of growth)-— e.g hedge-i ow, field, marsh, ditoh, 
pond, stream, wood—and the adaptations to the habitat. 

3X8 
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(3) The conditions of growth as regalds buiI — p g sand, clay, loam, 
ohalk, moiatness or dryness of Boil, piesonoe or absence of humus 

(4) The light-oonditiona—whethei deeply oi pftLtinlly shaded or m 
full light. 

(6) The associated plants and their lmbits and adaptations 

(6) The oliaraoters of the vegetative organs of the plant—c g 
methods for leaclung light and air, for spi ending by lunneis, etc , for 
perennnting, stoiage of food, foini and texture of ntein and of leaf, 
hairiness oi smootlmess, buds (atructuie, foim of young leaves, unfold¬ 
ing), ai rangenient of leaves, form of blade, lengths of leal-stalks, 
movements of young or adult leaves, abundance or seal city of stomates 
on uppei and lowei siu faces of leaf, methods by which young oi adult 
leaves are protected against exoessive transpiration, etc , leaf-mosaics 

(7) The ohaiactors of the lepioduative organs (note any means of 
vegetative piopagation apart fiom the production of seeds)— t g time 
of tloweimg, colour, scent, honey, mechanisms foi piomoting oross- 
pollination, kinds of insects seen visiting the flower if insect-pollinated, 
adaptations for insect-visits or for wmd-pollination, movements ot 
flowei-parts or of flower-stalks and the reasons foi the movements, 
struotiue of flower (dissect, out longitudinal section, and diaw these 
and also the ground-plan oi “floral diagram” of the flowei), stages in 
development of fruit, giowtli of ovary-wall after feitilisation and any 
changes in its texture and oolour, giowtli of othei partB (calyx, re¬ 
ceptacle), Btiuotuie of ripe flint (sketch whole fruit and sections), time 
when fruit ripens, nuinbei and size of seeds, proportion of seeds to 
ovules, adaptations for seed-diapeisal by birds or other animals, by 
wind, by mechanisms for ejection ; whether the plants grow singly or 
in colonies 

For various Bpeoial points m the biology of trees and shrubs see 
Chapter XXV Where small-type descriptions are enclosed in square 
brockets [ ], it means that the plant is not a native of Britain 


The following abbreviations aie used in the Notes on Common 
Plants in the succeeding Chapters — 


A, andrecmni (stamens), 
alt., alternate 
Blit , British Isles. 

C, corolla, 
of , compare with 
opl., caipel 
oornp , compound 
oultcL, cultivated. 
diBtd , distinguished 
esp., especially 
exo., except 
flr , flower 
G, gynooium (pistil), 
gen , generally, 
inf., inferior, 
mfl., inflorescence 


K, calyx 

loc , loculus 

-loo , locular 

opp , opposite 

P, perianth 

per, n 

reo., receptaole 

reg,, regular. 

repd , represented. 

repg , repiesenting 

sta , stamen, stamens. 

zygom , zygomorphio (irregulaL) 

(J, male 

? , female. 

, hermaphrodite. 
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376. Sweet Pea {Lathy ) v us odorat'us , cultivated) —We have 
all eady studied the geimmatioiL of the seed Get complete 
plants and study the stem, leaves, floweis, and fruits 

Note the gieen flattened stem, which is provided with a 
thm expansion (wing) on two opposite sides Do the wings 
i un straight along the main stem, always on the same sides ? 

Sketch a piece of the shoot bearing a leaf, note the stipules, 
the two leaflets, and the tendrils. What part of a leaflet does 
a tendril represent ? What part is not developed m one of 
these leaflet-tendrils ? Compare the ordinary leaf of Sweet 
Pea with the early leaves (Pig 6) of Broad Bean What 
advantage does the Sweet Pea lose by the development of its 
upper leaflets into tendrils ? How is the loss of green tissue 
in this plant to some extent compensated? Examine the 
Evei lasting Pea, which drffeis from the ordinary land in 
being peienmal (note the blanched undergiound stem, and 
test its cut surface with lodme solution), how does its leaf 
differ fiom that of the common Sweet Pea? What is the 
advantage of the winged leaf-stalks m Everlasting Pea ? 

Why does a Sweet Pea seedling fall over and Bprawl about 
if no support, e g a stick, is placed near it ? Place sticks m 
a pot of seedlings, also stungs stretched between sticks and 
running horizontally and at different angles Aie the tendrils 
able to coil aiound horizontal supports as well as inclined or 
vertical supports ? Sketch a young leaf with tendrils which 
have not yet come into contact with a support aie the young 
tendrils straight or curved ? Is it possible to make a young 
tendril coil without providing it with a support ? Try the 
effect of stroking a young tendnl with a stick, a string, a 
glass rod, stroke it at different points Which part of the 
tendril is sensitive to contact and responds by coiling 13 
Make similar experiments with the tendrils of Passion¬ 
flower and Vegetable Manow , these are modified branches 

Examine flowers of different ages, making observations as 
directed for Broad Bean (Oh I). Dissect and sketch the 
flower and follow its development as fully as possible, from the 
tune it opens until the ripening of the pod The mechanism of 
the flowers is essentially similar to that found in the Broad Bean, 
but self-pollination usually (probably always ) occurs in the 
hud before the flower opens, verify this for youiself See 
Art. 394 
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am. The Peat or Vetohlings {genus LcUhyrus) are easily dis¬ 
tinguished from the Vetches (Art 378) In Lathyrus the leaflets are 
few, often 1 or 2 pairs, while in the Vetohea there aro usually at least 
6 pairs. The oommonost wild Pea with one pair of leaflets is the 
Meadow Pea {L praten&is) whioli has large arrowhead-shaped 
stipules, leaflets 10 to 30 mm long, trailing or olimbing Btems 1 to 
2 ft. long, short tendrils, and 4 to 10 yellow firs (June-Sept.) 

Wood Pea (L ayh’estris, probably the parent of the Everlasting 
Pea), not oommon, is larger (up to 5 oi 6 ft), with longer leaflets (10 
to 15 oms.) and tendrils and red firs 

The Tuberous Pea (L macrorluzwi ), in woods and hedges, has a 
tuber-bearing ilnzome, 2 to 4 pairs of leaflets, small (5 mm ) stipules, 
no tendrils (petiole ends m a point), and 2 to 4 crimson firs. 
(June-Aug ) which fade to green or blue 



Fig. 110 —Tallow Vofcohllng (Lnlhyms aplHU'a). 

The Yellow Vetohling (L. apliaca ), in oomfiolds and waBte plaoes, 
all the leaflets are developed as tendrils (Fig. 110) and the stipules are 
large (10 to 30 mm. broad) and leaf-like (why?) , stems trailing (1 to 
8 ft long); firs. (Juno, July) flingly or m pairs on flowering branch, 
15 mm. long, pale yellow, the early leaves of the seedlings have 
oblong leaflets. 

In Grass Vetch (L nissoh a, found chiefly in the south of England) 
the plant appears to have long giass-hke leaves, but oIobo examination 
showB that the apparent leaf ih leally a flattened leaf-stalk, with two 
minute stipules at its liase, and no leaflets are present The Grass 
Vetch does not climb, but it grows among grasses and gams some 
support in thiB way , does its growth among grosses explain the long 
narrow form of its flat leaf-stalks (technically called phyllodea) ? The 
crimson firs (May, June) are borne singly or in pairs on a long Btalk. 

33.3T. M, 21 
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378. Vetches.—The true Vetches are allied to the Broad 
Bean, forming the genus Vida The Common Vetch 01 
Tare (Vicia sativa), or one of the othei species, should 1)C 
studied as a type, the Vetches differ from the Bioad Bear 
(Viciafaba) m being tendril-climbers, like the Sweet Pea. 

The Common Vetch has long been cultivated for fodder 
and has become so widely distributed that besides growing ii 
cultivated fields it is frequently found in waste places one 
woods. It is sometimes sown with Bye, the steins of whicl 
serve as supports for the tendrils. It is easily distinguished 
from the other Vetches by its red flowers, carried singly or n 
pairs m the axils of the upper leaves, and the dark spot ai 
the centre of each stipule. 

Examine plants found m fields, hedge-rows, and otliei 
localities, noting whether the stems are short and spreading 
or long and erect. Sketch a piece of the plant, showing tht 
form of the Btem, the leaves, each having 3 to 6 pans ol 
leaflets and ending in tendrils (modified leaflets) ; the flowen 
(spring and early summer) and the pods. Examine tin 
flower (April to June) carefully and compare its structure 
with that of the Broad Bean and the Sweet Pea, note the 
tuft of han*s below the stigma, which is one of the character! 
separating the Vetch-and-Bioad-Bean genus ( Yicia ) from the 
Pea-and-Vetchkng genus (Lathyrus). 


379. Of the other Vetches found in Britain the two commonest ai 
the Tufted Vetch. (V cracca) and the Bush Vetch ( V . mytuim). Th« 
former, which flowers from July to September, is the most ooiispicuon 
of the wild Vetches, owing to its large masses of purple flowers aue 
the height (0 ft or even more) the plant reaches in climbing the hedges 
It is a perennial plant, with a oreeping “rootstock” ; the loaf lia 
numerous pairs of leaflets and ends m two or three tendrils, and th 
Btipules are half-arrow-shaped The inflorescence (a racewo) boiu 
numerous flowers, each with a short stalk, and the flowors are turnet 
towards one side of the inflorescence j this arrangement onables a be 
visiting the inflorescence to visit several flowers m a short time 

The Bush Vetch flowers from April until Ontobei ; it often grows u 
woods and on roadsides as well as m hedges. Like tlio Tufted Veto! 
it is perennial, but the stems are seldom over 2 ft, high, and the flower 
(2 to 6) are in a very short raoeme (as in Broad Bean). 

In Tufted Vetoh each wing-petal is united to the keel in two plaoes 
more firmly than in Broad Bean and Sweet Pea; tho mechanism i 
similar, but the parts resume their former position more readily whei 
the pressure is removed, i e, when the bee leaves the flower. Th 
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flowers are small and visited by various inseots, short-tongued as well 
as long-tongued In Bush Vetch the flower-tube is longer and the 
flowers are therefore visited by fewer insects ; apparently even humble- 
bees have to (or at any rate often do) bite tlnougb the side of the flower 
to get the honey 

In most Vetches the pod opens violently and expels the seeds, the 
two valves coiling suddenly as in G-orse and Bioom. 

380. White or Dutch Clover (Trifolium repens) is the 
commonest land of Clover and is easily distinguished by its 
slender creeping branches (runners) and its ball-like clusters 
of cream-white flowers (May to October) 

Pull up an entire plant, noting the wiry green runners 
which arise from the parent plant and creep in all directions, 
giving off at certain points (“ nodes ”) a leaf and often a 
root. The roots, though slender, penetrate deeply into the 
soil; dig a root up, wash it, and notice the numerous 
tubercles, which are nearly always present on it, and the 
length of the much-branched root Note the arrangement 
of the leaves m two side rows on the stem, and the bending 
of the leaf-base which brings the stalk into a more or less 
vertical position. Examine plants growing in diffeient 
localities, e (j . on waste ground, in garden borders, on lawns, 
on garden paths, under hedges, among long grasses, in ex¬ 
posed places, in dry or sandy soil, m moist rich soil 

The White Clover has several obvious adaptations or ad¬ 
vantageous diameters which enable it to struggle successfully 
for existence, as, indeed, all plants have. Its long runners 
enable it to spread rapidly along the ground, while its long 
roots reach a deepei water supply m the soil than do the roots 
of moBt grasses and other plants with which it has to compete. 
Its leaves can be altered m position by means of the leaf- 
base, which is capable of changing m shape so as to alter the 
direction of the leaf-stalk; the latter varies greatly m length, 
remaining veiy short when the plant is growing with short 
grasses, as on a close-cut lawn, but growing very long when 
among longer glasses, while the three leaflets spread out like 
an umbrella and catch plenty of light The Clover is evi¬ 
dently a light- demanding plant, and it grows badly when 
overshadowed by long grasses in a field or by a hedge 

Now compare the appearance (length of runners and of 
J.ea/f:-stalks, size of lecvflets—in shorty the general “ habit ”) of 
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plants growing in diffe rent localities and. see whether your 
observations bear out what bas just "been said about the 
biological advantages possessed by White Clover Do not 
be content with meiely leading about adaptations of plants, 
when it is easy to find out so much for yourself 

Note the three leaflets, aiismg close together from the top 
of the leaf-stalk, the swollen base of each leaflet, the shape 
of the leaflet—broadest at the free end (“ obovate ” or “ ob- 
cordate”), the white spot or A" sli aped patch at the middle 
of the leaflet, the midrib and the finer veins Dip a leaf 
into boihng water* air-bubbles escape from both surfaces, 
and the white patches disappear. This showB that the 
leaflets bear stomates on both sides, and that the white 
patch is due to the presence of air Microscopic examination 
of pieces of skin torn from a leaflet and of sections across a 
leaflet shows that there are numerous stomateB on both sur¬ 
faces (rather moie on the upper surface than on the lower) 
and that the whiteness of the patch iB due to reflection 
from a layer of air below the skm, which is separated here 
from the inner tissue of the leaflet. 

Note the small pointed stipules, which are joined around 
the stem at the base of the leaf-stalk. Examine the 
growmg free end of a runner, and note how the stipules 
enclose and protect the youngest leaves and the growing- 
point of the runner Note also the way in which the three 
leaflets of a young leaf are separately folded up does the 
folding bring the upper or the lower faces of each leaflet 
together ? 

Have you ever noticed that Clover leaves become folded 
up at night? The “sleep” movements of Clover are easy 
to observe if you visit the plants at dusk, or latei with a 
lantern, and in addition make a few simple experiments. In 
the sunlight the three leaflets spread out moie or less hori¬ 
zontally from the top of the leaf-Btalk When closing begins, 
the leaf-stalk becomes erect, then two of the leaflets rotate 
through 90° until they stand in the vertical plane, with their 
upper surfaces m contact, and finally the third or “end” 
leaflet swings over, describing a complete semi-circle and at 
the same time becoming folded along its midrib so as to cover 
the other two leaflets like a loof, its lower surface being 
of course on the outside. The result of these movements is 
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to conceal the upper faces of all the leaflets, at the same time 
bringing them into the vertical position. 

From your knowledge of plant physiology, you will realise 
the usefulness of these movements as a protection against ex¬ 
cessive loss of moisture and of warmth If the leaves are 
prevented from moving, and caused to remain m the hori¬ 
zontal position, by bemg pinned to a piece of cork, they lose 
water and warmth, and (especially on a clear cold night) 
may be injured or even killed Clover leaves fixed m this 
way show drops of dew on the leaflets when examined in the 
morning, while untouched leaves remain quite dry 

Several questions arise from observation of the sleep 
movements of Clover leaves, and these questions can be 
answered, partly at any rate, by a few simple experi¬ 
ments 

First, to what external stimulus, or stimuli, aie the 
movements due ? If it is darkness alone which induces the 
movements, it should be possible to make the leaves “ sleep ” 
in the daytime by covering up a plant so as to exclude light 
fiom it Inveit a flower-pot over a Clover plant growing out 
of doois, heaping soil around the ran so as to keep light 
out. How long does it take for the leaflets to assume the 
night position P The experiment can be made indoors with 
a plant dug up and put into a flower-pot, or even with smgle 
leaves cut off and set m a bottle of watei If you have a 
pair of coloured bell-jars (red and blue), or, better, a pair of 
hollow bell-jars containing coloured solutions (see Art 214, b), 
you will find that the plants receiving red-orange light show 
the “ sleepmovements, while those m blue-violet light do 
not—red-orange light acts in this case like daikness, blue- 
violet light like sunlight 

Has cold any share m causing the movements ? Get two 
dug-up Clover plants and set them m glass jars, siuToundmg 
one jar with pieces of ice, then expose both to sunlight. 
Another method is to nse smgle leaves, putting some into 
a bottle containing water kept cold by adding pieces of ice, 
while the water m the other bottle is at the ordinary tem¬ 
perature. Does warmth hasten the “opening” of leaves 
which have assumed the night position? Try a simple 
experiment with " closed ” leaves, setting some in warm and 
others m cold water. 
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Second, by what mechanism are the movements caused, 
and where do they take place? If you caiefully examine 
leaves m different stages of movement, you will find that the 
broad thin parts—the blades—of the leaflets do not, change 
in form (except foi the foldmg-up of the end leaflet to form 
a roof over the other two), so that the actual movement has 
its seat m the short cylindrical stalk winch joins the leaflet 
to the main leaf-stalk This can be pioved by (1) clipping a 
leaflet off just above its base, (2) clipping away the thin 
green portion of the blade of a leaflet and loaviug only the 
midrib In both cases the parts left will perform the move¬ 
ments, as if the leaflets weie still present. Tor comparison 
with Clover, study the sleep movements of the Wood Sorrel. 

The flowers of the Clover are arranged in globular heads, 
15 to 40 mm diameter, each head being carried on an erect 
branch, usually fiom 7 to 15 ems long, which arises in the 
axil of a leaf The calyx-tube is colourless, with five green 
pointed teeth rather shorter than the tube itself, the lowest 
tooth being the shortest The petals are white, creamy, or 
reddiBh m colour, the wing-petals aie joined firmly to the keel. 

The corolla is shoit enough for hive-bees to reach llie 
honey (Olovei forms an impoitant source of honey, like Ling, 
Winter Aconite, and Crocus). When the keel is piOHsed down 
the Btamens and stigma emerge from it, but they resume 
then* formei position when the bee flies away, so that the 
same flower may be visited seveial times Each flower has 
a short stalk of its own, and after the flower lias been 
pollinated the stalk lengthens and bends downwards, so that 
the pollinated flowers are placed out of the way of the boes 
and room is made for the younger flowers. 

The pod, containing 2 to 4 seeds, projects l>eyond the 
calyx, but is covered by the withered standard-petal. 


381, Red Clover (US-ifolnmi prateme) differs a good 
deal from White Clovei It is a larger, coarser, and moi v 
compact plant itB “ rootstock ” or “ rliizoma ” is short anil 
Wrick, its leaiy shoots are covered with soft hairs; it* 
leaves and flowers (May to Septemhei) are larger. 


n P a plan*) noting that all tha spreading aerial shoots arise from 
tiie thiok main stem (“rootstook”); out the latter aoross and tost tin 
out aurfaoe with iodine solution, noting the abundant starch. Tilt 
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plant is perennial, but generally lasts only a few years. The leafy 
shoots, which may reach a length of two feet, bend outwards from the 
“rootstook,” but soon grow erect, giving the whole plant a tufted 
habit The stalks of the lower leaves are long, those of the upper 
leaves short. Notice the large stipules (often 2 or 3 oms. long), 
continuous with the sheathing leaf-base, each has green streaks 
(veins), ends in a long pointed tip, and is hairy outside while the 
inside is smooth and shiny. Pull off the leaves from a bud or young 
leafy shoot and notioe how the stipules protect the young leaves The 
leaflets are folded along the midrib so that the upper siufaoe of each is 
on the inside of the fold. The leaflets (2 to 5 oms. long) are oblong, 
with the edgeB finely toothed; there is usually a A" or A- 0 baped 
whitish patch about the middle. 

The flowers are in deuse globular or egg-shaped headB (diameter 2 to 
4 oms ), and are usually red-purple, hut sometimes very pale red or 
even white A little below the head theie are two leaveB differing 
fiom the ordinary foliage-leaves in having no stalk or a very short one 
and in having larger stipules , these two leaves fold over and proteot 
the young flower-head. Just below the flowers there are several very 
small braots covered with silky hairs. The flower is about 2 oms. 
long, the ooloui is ohiofly due to the standard. The oalyx-tube is 
short and haB five narrow pointed hairy teeth, the lowest tooth is 
muoh longer than the others. The wing-petals are longer than the 
keel, the keel-petals are firmly joined along the bottom of the keel, 
and tho claws of the four petals are joined to the stamen-trough. The 
standard is fiee, as is also the uppeimost stamen All the anthers are 
ahko in size and position The flower contains abundant honey, as 
oan be ascertained by a very Biniplo experiment, it has been oalled 
“ Meadow Honeysuckle J9 

Red Clover is visited by bees (chiefly humble-bees) and butter¬ 
flies (c.fl. “Clouded Yellow”), the tube is rather too long for the 
shorter-tongued bees (c a hive-bees) The stamens shed the pollen 
befoie the stigma is ready to receive pollen. The ovary ib small and 
rounded, the style long , the pod contains only one seed as a rule, and 
the top goneially oomes off like a hd The oalyx porsiats around the 
pod and its five teeth spread out, the corolla withers, but remains on 
the plant instead of falling off 


382. Various other spooies of Clover (Tnfolvmri) grow, wild or 
cultivated, m Britain. The Zigzag Clover {T medium) is like Red 
Clover, but is loss hairy, has struggSng zigzag stems, lathor larger and 
brighter flrH. (June-Wept.), and the pod opens longitudinally; Hop 
Clover (T. jnocumbens) has small yellow flrs (June-Aug.) on a dense 
globular axillary long-stalked head (30 to 50 firs ), Lesser Clove* 
(5P. mw.ua) is smiilai, but has smaller headB (10 to 20 firs.) and smaller 
flrs ; Strawberry Clover {T has also globular heads, 

but small rose-purple flrs. with a Bones of braots below them , Hare’s- 
foot Clover (jF. arvense), in dry Helds, has oblong heads and is 
oovered with silky hairs, the hairy K-lobea ore longer than the 0. of 
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the tiny flrsi (July-Sept )i There are several other leas coitunoii Wild 
species 

[Crimson Clover (annual, firs in oblong heads) and Alsike CloVer 
(perennial, firs white or rosy m globular heads, like White Clover 
but flra smaller and pod only 1* or 2-aeeded) are commonly grown m 
fields ] 

383. Scarlet Runner (Phaseolus multiflorus) —We have 
already examined the seed and seedling of this well-known 
plant The ease with winch, one can obtain vigorous young 
plants from seed makes the Scarlet Runner a very convenient 
plant m which to study the process of climbing by means of 
a twining stem It is a native of Mexico, 

Gl-row a seedling in a pot until the upper part of the shoot 
hangs over horizontally foi a few inches. Tie the lower part 
of the stem to a stick placed m the soil, set the pot on a 
sheet of paper and record the position of the tip of the shoot. 
This may be done in several ways —(1) by drawing lines on 
the paper radiating from the centre of the pot, so as to show 
the direction m which the stem-tip points; (2) by using a 
plumb-lme (a string with a weight tied at one end) and 
marking the spot on the paper below the stem-tip, (3) by 
fixing a sheet of glass over the plant and marking on it the 
position of the stem-tip. Whichever plan is used, lecord the 
time when each observation is made, and find out how long 
it takes for the stem-tip to swing round through a complete 
circle In which direction does the shoot revolve—with the 
hands of a clock 1 or in the opposite direction? 

We know that warmth hastens the rate of growth of 
plants does it hasten the rate of revolution of a chmbmg 
stem ? Compare the times taken by the same plant to make 
a complete revolution when kept first m a warm place and 
then in a cold place, or vice versa. At 38° C. a Runner plant 
revolved m 2 horns 20 minutes, while at 24° 0. the plant took 
8 hours 25 minutes to revolve. 


1 The terms "with the sun” and "against the sun” are sometimes 
used instead of “ clockwise ” and " anti-clockwise v The plant (placed 
between sun and observer) points successively to East, South, and 
WeBt in revolving "with the sun”; this occurs m the Hop and 
Honeysuckle. The plant points successively to West, South, and 
East in going "against the sun,” *.e. in the anti-clockwise direction, 
this ooours in most climbers, e.g. Scarlet Runner, Convolvulus, 
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Gl-et several vigorous plants ready, each in its own pot. 

(1) In one pot set a long stick m a vertical position near 
the plant Note that the stem swings round and stops at 
the point where it touches the support, while its free end 
goes on revolving, in this way it finds a support and then 
goes on growing upwards 

(2) Must the support be vertical P Try the effect of set¬ 
ting the stick m an inclined position, m one pot at 30° from 
the vertical, in another at 45 , and so on The Eunner, hke 
most other twmeis, cannot, as a rule, climb up a stick set at 
more than 45° from the vertical The Convolvulus will 
twine around a horizontal stick. 

(3) What happens if you lemove the stick before the 
shoot has made any coils around it ? If you do this care¬ 
fully, you will see that the shoot springs forward, showing 
that it has been pressing agamst the stick, then it becomes 
straight and starts again to levolve. 

(4) What happens if you remove the stick after the shoot 
has twined louna it for a day or two? Notice that now 
the shoot keeps its spmal form and does not straighten 
itself out. 

(5) What happens if a thick stick or other thick sup¬ 
port is used instead of a thm one ? "Use a large flower-pot 
or a box for this experiment, and place m it, near the 
plant, a thick cylinder of wood or a tube of caidboaid or 
paper, tiy supports of different thicknesses (diameters of 
2, 4, 6, 8, 10 inches). The shoot will not twine around a 
thick support (about 4 inches diameter), evidently because 
the support is not curved strongly enough to enable the shoot 
to hold on while the growing free end swings round the 
support. 

(6) In wliat part of the shoot does the twining take 
place ? Out off the uppermost part of a shoot, just above 
the youngest expanded leaf The shoot still revolves, even 
though several of the upper “internodes” be removed It 
will be found, howevei, that the lowest “mtemodes” will 
not twiue round the stick; it is only the upper (younger) 
parts which revolve. 

(7) Does the stem become twisted as it revolves t Prom 
the external appearance of the stem and from the positions 
of the leaves, ft would seem that twisting does occur. The 
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best method of observing this is to pamt a liile along the 
convex side of the stem and to watch what occurs diu mg a 
revolution The line is seen to run round the stem, so that 
at the middle of the revolution it is on the concave side, while 
at the end of the revolution it is again on the convex side. 
The explanation is that the giowth of the stem is not equally 
rapid all round, a wave of rapid growth passes round the 
revolving free part of the stem. It would appear that the 
revolving movement of twining plants is due to a 1 espouse to 
the stimulus of gravity, for no twining occurs when these 
plants are rotated on a clmostat (see Art 277) The painted 
line is, after a few revolutions round the support, seen to be 
twisted round the stem from left to nght, the twist probably 
mates the stem stronger, just as a much-twisted rope is Btifler 
than a loosely-twisted rope 

(8) Will the Runnel climb up a very smooth support ? Use 
a piece of glass tubing instead of a stick , the plant will climb, 
provided the tube is not too thick, but the twisting of the 
stem will be much less than when a rough support is used. 

(9) Will the Runner climb up a piece of string, tightly- 
stretched or slack ? It will be very easy to devise experiments 
to answer this question 

Note the thinness of the stem, which is not nearly strong 
enough to stand eiect In seedlings notice that the first 
"mtemode,” ^e the portion of stem between the cotyledons 
and the pair of large simple foliage-leaves, glows erect, while 
the region above these first foliage-leaveB soon begins to 
bend over and to revolve Note the compound leaveB, each 
with three leaflets, which succeed the paired simple leaves; 
the stipules at the base of the mam leaf-stalk, the very small 
stipule-like appendages at the bases of the individual leaflets, 
and the dark-green swollen leaf-base (pulvimw) The leaf 
shows sleep-movements, not nearly so marked as m Glover, 
but still quite easy to observe, especially in young leaves. 
The three leaflets droop and place themselves more or less ver¬ 
tically, the two lowei leaflets approaching each other with 
their lower surfaces, at the same tune the main leaf-stalk also 
moves downwards (owing to curvature of the pulvinus), so 
as to bring the leaflets into the vertical position Bend the 
stem so that the lower surface of a leaf is uppermost, and 
notice at the end of two or three days that the pulvinus 
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lias bent until the leaf assumes its noimal position, the 
individual leaflets adjusting themselveB in a similar manner , 
while in the upside-down position, the leaf still performs 
“ sleep ” movements, but these are reversed as regards the 
plant, le the leaf bends upwards at night, showing that 
giavity is partly concerned m causing the movements m the 
Scarlet Runner at any rate 

Examine the flower (July to Nov.) Note the brownish 
bracts, one at either side of the calyx, which has an upper 



Fig 117.—Longitudinal Section of Flower of Soarlet Runner. 


lip with 2 very short lobes and a lower lip with 3 longer 
lobes; the curiously coiled keel, rolled up like a snail-shell 
and enclosing the similarly coiled stamens and style; the 
scale on the upper side of the broad base of the free upper¬ 
most stamen; the large yellowish collar-hke nectary at the 
base of the ovary. 

Carefully sketch (1) side-view of ports seen after removing 
the calyx; (2) side-view after removing one wing-petal and 
half of the standard petal; (3) longitudinal section of entire 
flower (Eig. 117). 
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Bees alighting upon tlie wing petals pi ess them downwards 
and at the same time depress the keel to which they are 
attached. This causes the style to protrude and the hairs 
upon it sweep out pollen on to the base of the bee’s proboscis 
Before this happens, however, the latter has already touched 
the exposed stigma (which projects slightly from the tip of the 
keel), probably depositing pollen upon it fiom another flower 
The exposure and retraction of the style may be repeated 
several tunes, and can easily be produced by pressing the 
lateral petals downwaids This flower is so highly specialised 
for cross-pollination that if piotected from bees by a gauze 
net it rarely sets seed. 

384. Common dorse (TJlex europaeu8)i also called Furze 
and Whin, usually glows m large patches, often forming 
the chief or “ dominant ” plant m the vegetation of heaths. 
Though generally forming a shrub from 2 to 5 feet high, 
it sometimes grows into a fairly strong and erect “tree,” 
especially when m a sheltered situation. 

There are thiee lands of G-orse found in this country. 
The commonest and largest is that known to botanists 
as Ulex europaeu8 It produces golden yellow flowers m 
the sprmg and early summer; and a second crop of 
blossoms follows in autumn, lasting until nipped by the 
early frosts. In mild winters the last of the autumn 
flowers welcomes the first flower of the following spring. 

Notice the stiff sharp spine in which each branch ends; 
the leaf below each branch is often also spiny Bemember 
the general rule that branches arise m the axils of leaves; 
this will help you to decide which of the outgrowths are 
blanches and which are leaves The branches, like the stem, 
aie cylindrical and furrowed, while the leaves (2 to 5 cms. 
long) are flat Both the leaves and (m the youngs parts of 
the plant) the branches are gieen and more or less hairy. 
If you have a microscope, cut and examine sections of the 
stem and the branches, and also shavings of the epidermis, 
and notice that the stomates are found m the furrows; note' 
also the thickness of the cuticle Do you see how these' 
structural features increase the amount of green tissue and! 
so favour photosynthesis, while at the same time the rate of 
transpiration is kept down P 
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Why is tlie Gorse spiny P Two replies have been given to 
this question It is field by some botanists that spines are 
the result of an environment of diought and exposure to 
winds; and it is quite true that Gorse grows most frequently 
in exposed places, and where the soil is shallow or porous or 
stony, and hence frequently dry It is also true that many 
plants which, normally 00001 * m deserts are spiny Again, 
experiments have proved that many spmy plants when grown 
aitihcially in a damp atmosphere develop fewer spines or 
weaker spines, and sometimes no spines at all 

A second explanation is that spines are a protection against 
the attacks of sheep and other browsing animals It is easy 
to see that spines, when once developed, furnish this pro¬ 
tection , but it is difficult to understand how the desirability 
of being protected against browsmg animals should actually 
cause the spmes to be produced in the first instance The 
correct view is probably that spines are a direct outcome of 
growth under conditions of exposiue and drought, and, once 
formed, they may have become accentuated because of the 
protection which they afford 

Examine and compaie plants found growing m different 
habitats In moist and sheltered places Gorse is less spmy 
than usual. By growing a Gorse plant in moist ah* one gets 
branches on which there are no spmes, and the leaves are 
broader and thinner than usual It is a fair inference, fiom 
these facts, that the hardness and spiny character of the 
branches, as well as the narrowness of the leaves, are simply 
adaptations for diminishing transpiration In what “habi¬ 
tats,” i e in what kinds of locality, does Gorse grow most 
abundantly ? With what other plants is it commonly asso¬ 
ciated? Do these associate-plants (Broom, Ling, Heaths, 
etc..) show any adaptations for reducing transpiration ? 

The two less abundant species of Gorse are smaller m size, 
and hence are often spoken of as “ Dwarf Gorse ” One of 
these (Ulex Gallii) is fiequent on the hills in the west and 
north of England, as on the Molvems and the Pennines, 
also in Ireland The other (Ulex nanus) is mainly confined 
to the south of England, often growing with the Common 
Gorse, from which it is easily distinguished by the smaller 
size of the plant and of all its parts The two small species 
of GorBe are distinguished by the kind of primary spines 
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they bear: in TJlex nanus they are weak and short, and in 
Ulex Gallii they are longer and rigid. 

The flowers are yellow, slightly scented, about 20 mm long, 
and are borne on the spines of last year’s giowtk, each flower 
arising in the axil of a RTnn.il leaf. The flower has a short 
stalk, and just below the calyx there are two small oval bracts, 
one at each side. The calyx is dull yellow, covered outside 
with short blackish hairs, and divided nearly to the base into 
an upper lobe and a lower lobe; both lobes are triangular 
and concave, with pointed tips (the tip of the upper lobe 
often has 2 small teeth while that of the lower has 3 teeth). 

The bright yellow corolla consists of 5 petals which 
are easily separated from each other; the wings are longer 
than the keel, and the peg and socket connection between 
wings and keel is very distinct and easily made out. Both 
wing-petals and keel-petals are oblong, rounded at the free 
ends, and have distinct stalks; the keel-petals are joined by 
the interlocking of hairs which fringe the lower edge of then 
rounded portions The filaments of the 10 stamens are all 
jomed to form a tube. The stamens usually show a peculiar 
arrangement, the filaments being long and short alternately; 
the anthers of the long stamens are attached to the filament 
by the base, while the anthers of the short stamens are 
versatile, i e. the filament is fixed to the middle of the anther 
so that the latter can easily be moved about. The ovary is 
covered with silky hairs; the style is long and curved. 

It is interesting to watch bees visiting the newly-opened 
flower, or to imitate the bee’s action by pressing down the 
keel The flower “explodes”, the stamens and style, which 
pe coiled up within the keel, suddenly fly out when the keel 
is pushed down, so that the bee is dusted with pollen and the 
stigma also comes against the bee’s body. The bursting-open 
of the flower is due largely to the fact that the keel-petals 
are pressed together above as well as below by their edges, so 
that the coiled stamens and style are co nfin ed under pressure, 
The flower can only be properly visited once by a bee; the 
stamens and style do not go back into the keel, and the 
wings and keel-petals remain separate. 

The pods m all three species of G-orse ripen during the 
su mm er only, pods formed from autumn-flowers remain in 
a resting condition throughout the whole of the winter, 
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Some other autumn-flowering plants, such as the Ivy, have 
the same peculiarity. 

Examine fruits (pods) of different ages, note the black¬ 
ness and hardness of the npe pod Why are the two 
valves of an opened pod twisted ? 

Have you ever stood beside Gorse-bushes on a warm dry 
day and heard the curious crackling noise due to the bursting 
of the pods P It is easy, if you watch carefully, to see the 
pods bursting and the two valves cuilmg up, so as to flmg 
out the seeds On sunny days m summei ripe pods may be 
heard bursting with an audible “ pop ”, and the force of the 
explosion is sufficient to open the two valves of the pod and 
scatter the seeds a few feet away from the parent plant 
This scattering of seeds is of course very useful to plants, 
but the distance to which the seeds are scatteied is often 
exaggerated It is a common idea, for instance, that wmd- 
bome Beeds (such as those of the Sycamore) may be 
scattered for miles, but a few hundred yards is a more 
correct estimate I)o not iest content with reading about 
the explosive discharge of the seeds m G-orse make obser¬ 
vations for yourself 

Collect and sow G-orse seeds, or search for the seedlings 
in the neighbourhood of the bushes The cotyledons come 
above ground and grow into fairly large oval green leaves 
What do you notice about the earliest foliage-leaves, which 
come after the cotyledons ? How do they differ from the 
later leaves ? In what members of the Bean family are all 
the fohage-leaves like those of the young Gorse seedling? 
The young Gorse seedling has no spines • it has two simple 
seed-leaves, and a number of trifoliate leaves. In the older 
seedling a gradual transition may be traced from these 
trifoliate leaves, through simple linear leaves, to mature 
spiny leaves. The trifoliate leaves of the seedling indicate 
a relationship with certain other plants with trifoliate leaves, 
such as Broom, Laburnum, and even Clover. 

Grow young Gorse plants m moist air ; set the pot of seed¬ 
lings in a shallow dish containing water and cover with a 
bell-jar, tilting the latter so as to allow the young plants to 
have fresh air How do the young plants grown under these 
conditions differ from plants growing on heaths or in other 
exposed places or in sandy soil ? Make notes (with sketches) 
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of all your observations, adding the inferences you draw as 
to the adaptations of the G-orse plant to its mode of life 

385. laburnum (Cytisus laburnum) is a native of central 
Europe, it was introduced into England about 1600. It 
forms a smaJl tree, rarely over twenty feet high. 

Note that the sprea ding mam branches bend over and 
droop at the tips, from the upper side of the bend arise 
erect long shoots which later also * droop, bo that the tree 
has typically a fountain-like habit The baik is very 
characteristic, it remains smooth for many years, but later on 
transverse furrows are formed on the trunk and large scales 
of bark come ofE Each leaf has a long main stalk carrying 
three short-stalked pointed leaflets which have entire edges 
and a silky lower surf ace; there are long slender stipules 
which soon wither, but usually do not fall off. 

The resting-buds are pointed and covered with silky scales, 
each usually showing a small three-lobed tip (undeveloped 
leaflets) Most of the buds grow into dwarf shoots which 
grow very slowly and bear crowded leaves. 

The flowers, which appear m May, are earned m long 
hanging racemes Each flower is stalked and projects 
honzontaHy, the stalk (when the flower is young) twisting 
round so as to bring the flower into the right position, i e. 
with the keel downwards and the standard upwaids The 
calyx and corolla resemble those of G-oise, and the stamens 
are all joined by their filaments j the anthers are alternately 
large and small, the style is long and curved. The flowers 
are visited chiefly by bees; the nectary is a solid swelling 
at the base of the standard, on which there aie two dark 
streaks (honey-guides). Note the ring of hairs at the top 
of the style in the young flower, these hairs prevent the 
pollen of the flower’s own anthers from touching the stigma, 
but after the Btyle has grown right to the tip of the keel 
these hairs wither and the stigma is now exposed so as to 
receive pollen from a visiting bee. 

The npe pod is long, thin, brittle; it contains from three 
to eight brown or neaily black globular seeds which are 
poisonous The cotyledons are earned up and turn green; 
even the earliest foliage-leaves have three leaflets, 
laburnum is clogaly related to Gorse and to Broom, 
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386. The Bean Family is one of the largest, and also 
olio of the most useful, among flowering plants The fa mil y 
as a whole is charactensed by the fruit being, with laie 
exceptions, a pod (legume), whence its name Leguminosae 
In the great majority of the species, forming the sub-family 
Fapilionaceae, the flower has the same general structure as 
that of the Broad Bean. Theie are two other sub-famihes, 
not represented in Britain; one of these includes the Acacias 
and the Sensitive Plant (Mimosa) The family includes 
trees, shrubs, creeping plants, climbing plants, erect herbs, 
annuals, and perennials , the leaves vary greatly m foim, etc 
The Papilionaceae are easily recognised by their flowers 
Examine all the plants of this type that you find growing 
wild or in cultivation 

The Biitish Papilionaceae may be divided into five tubes 
I, G-orse tribe leaf simple or of 2 or 3 leaflets, no tenduls, 
leaves (or leaflets) with entoe maigin II. Clover tnbe 
like I, but leaflets serrate III Lotus tnbe leaf with 2 
or inoie pau’s of leaflets and an end-leaflet, no tendrils 
IY. Sainfoin tribe like ILL , but pod consisting of 1 or 
uioie mdehiscent one-seeded joints instead of opening by 
2 valves. Y. Yetch tnbe leaf with the stalk ending m 
a tendril or point 


387. O’orse Tribe. 


Ulex 


A. Calyx deeply 2-lipped, coloured . 

B Calyx shortly 2-lipped, green. 

1 Each calyx-lip deeply toothed .. . Gemata 

2. Eaali calyx-lip punutely toothed .. . Gytmis 

Broom (CytisiLS scoparim) grows chiefly on commons and heaths, m 
sandv or giavelly soil, and is easily recognised by its numerous Blender 
creen onmilar bumches and small leaves The structure of the Broom 
flower resembles that of Gorse and Laburnum, but the style is 
longer and is tightly coiled up, as are also the long stamens The 
flower “explodes” violently when the keel is pressed down The 
mechanism is fairly easy to make out, either by pushing the keel 
down or, better, by oarefully watching what happens when a bee 

visits the flower _ « , . 

How is the Broom adapted to its habitat? 

Needle dorse or Petty Whin (Genista, anghca), on heaths, re- 
semblts Gorse in being pnokly Note the mrnute simple leaves, the 
slender ourved spines, and the flowers (May-July). 

Aw 

B. 3P. M, 
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Dyer’s Greenweed (Genista tinctorial in meadows and waste 
places It baa no spines, and its leaves are larger than in G. anglica oi 
in the Broom* It resembles Broom m habit, but nevei grows so high 

388j Clover Tribe, 

A Stamens monadelphous (all joined).*. .. Ononis 

B Stamens diadelphous (upper one free) 

1* Flowers in heads, pod straight .. .. Trifohum . 

2. Flowers in raoemes, pod coiled ... Medicago, 

Best-harrow (Ononis), easily recognised, grows chiefly in dry 
fields and near the sea It often has spiny branohes , leaves with 
3 leaflets or only 1 sometimes, toothed, often sticky; floweis (June- 
Sept) pmk, 20 mm long, single or in short raoemes. 

The Medioks (Medicago) have leaves and flowers rather hke those 
of Clover, but the pod is coiled up and the petals never persist around 
it The commoner speoies are easily distd. 

Black Mediok (M. Iwpulina) is oreepmg, with short-Btalked leaves, 
4-heart-shaped stipule, egg-shaped heads of very small (8 mm long) 
yellow flowers (May-Aug ), and small, black, smooth, kidney-shaped, 
one-seeded pods 

Spotted Mediok (M. maculata) has larger leaflets, flowers, and 
pods ; the leaflet gen has a dark central spot, and the pod has many 
seeds and 3 to 6 coils and bears curved spines- 

[Lucerne (M. sativa ), cultd for fodder, has larger flowers (12 mm 
long), gen blue or purple, m a dense raceme (May-July), pods downy, 
with 2 or 3 coils ] 

389. Lotus Tribe. 

A. Calyx shorter than corolla 

1 Pod constricted between seeds .. . ... Lotus, 

2. Pod divided by a longitudinal partition ... Astragalus 

B Calyx longer than corolla . ... Anthyllis, 

The common Bird’s-foot Trefoil (Lotus corniculalus), in fields and 
waste places, has 5 leaflets, but the petiole is very short, so that the 
2 lowest leaflets look hke stipules, close to the stem, the real stipules 
being very small ; the yellow firs (June-Sept.), often with red streaks, 
are in a Bpreading head on a long stalk , the head of cylindrical jointed 
pods rather resembles a bird’s foot 

Lady’s Fingers (Anthyllis), m dry and hilly pastures and by the 
sea, is erect, with 2 to 6 pairs of leaflets to eaoh leaf, and is olad with 
Bilky hairs, especially the flower-heads, which ore usually in pairs 
on a common stalk, head 15 to 40 mm. across, firs. (June-Aug.) usually 
yellow 

Milk Vetch (Astragalus), also found chiefly in dry and hilly 
pastures, and is a low straggling plant, leaf of 10 to 12 pairs of leaf¬ 
lets ; firs. (June-Aug ) in raoemes or spikes, purple ot oream-white* 
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390 Sainfoin Tribe. 

A. Pod cylindrical, many-jomted. Ormthopas. 

B Pod flat, of several ourved joints . Hippocrepus 

C Pod hard, one-seeded . Onobrychis 

, Bird’s-foot (Ornilhopiia) differs from Lotus in having numerous 
leaflets (6 to l2 pairs); firs (May-July) white, pod ourved, jointed, 
and beaked, breaking across into one-seeded joints when ripo. 

Horseshoe Vetch (Hippoerepia), in dry and espeoially in limestone 
pastures, has flrs (May-Aug ) like Lotus, but smallei and paler yellow, 
4 to 6 pairB of leaflets, curved pod, breaking mto 3 to 6 horseahoe-hke 
joints. 

Sainfoin ( Onobrychis ), rauoh grown for fodder, has spikes of pink 
firs. (June-Aug ). 



FJg 118 —Loaf uf Roblnia Pseudo- Fig. 110 —Part of a Garden (Bating) Pea 

oaoia with Spiny Stipules Plant (Pisum sativum). 


391. [Papilionaceous Trees and Shrubs.— The following intro¬ 
duced plants are commonly grown. The 11 False Acacia” or “ Locust 
Tree” ( Jiobmia) is easily recognised (Fig 118) by the pan of spines 
at the base of the petiole; the evening “sleep” appearance of the 
large compound leaves, with the numerous paired leaflets all placed 
vertically face to face, is very striking, flrs (May, June) usually 
white, in long hanging racemes. Wistaria, often grown against walls, 
is a woody twining plant with oompound opposite leaves and hanging 
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racemes of blue fhs , the common Chinese kind (firs May and June, 
often with a second orop m Aug ) does not set upe pods in England 
Bladder Senna ( Coluted), much grown m parks, is a shrub with 
compound leaves, about 6 yellow firs, (June-Aug ) on short lucernes , 
pod large, reddish, and bladdeiy ] 

392 [Garden Pea. —Examine the Garden Pea {Pimm aatmim), 
noting the large stipules, the tendrils (= upper leaflets), and the 
structure of the flowers (Pigs 110, 120).] 



7-V--- POST PETAL 
*' / (standard) 

'lateral petal 

(ALA) 

ANT. PETALS 
(CARINA) 


STIGMA" 

STAMINAL TUBE 

OVARY 

Fig 120,—Median Section, Flowei of Guidon Pea. 
Ala R wing-petal, caiina — keel 


393 [Lupin. —Examine a garden Lupm, noting the ouuous form 
if the leaves (long stalk bearrng at top a oirolo of leaflets) The 
eaflets are covered with hloom and are not wetted by water. Examine 
Aie flowers ] 

394. Flower Mechanisms in’ Fapilionaceae.—In ex- 

Limnmg the flowers note any differences in the calyx (lobes 
>qual or unequal in length, smooth or hairy, etc ), the corolla 
how are the wings jointed with the keel P ); the ten stamens 
is the stamen joined with the others so as to form a coin- 
>lete stamen-tube, or is it free, and are the filaments equal or 
inequal in length ?); the pistil (length of style, its position 
nth the keel, presence or absence of hairs). In each case 
ketch all the parts carefully (sketch the separate parts and a 
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longitudinal section of tlie flower), and find out what happens 
when the keel is pressed down, if possible, watch bees at 
work on the flowers. The following notes on the chief types 
of flower-mechanism may be useful — 

(a) Stamens and stigma emerge from keel when it is de¬ 
pressed, and return inside it agam when the bee flies away, 
the same flower may therefore be visited several tunes: 
Olover, Sainfoin, Laburnum, etc 

(b) Keel-petals ]omed above as well as below, leaving a 
small opening at the tip , pollen shed into upper end of keel 
before flower opens, five of the stamens have filaments 
thickened below the anthers, and the piston thus formed 
pushes out some of the pollen each time the keel is depressed * 
Bird’s foot Trefoil (Lotus) The othei five stamens are 
shorter and shrivel up after they have shed the pollen, which 
is earned by the long stamens (those with the thickened 
ends) into the tap of the keel. A somewhat similar mechan¬ 
ism is found m the Lupin and m Lady’s-fingers (Anthyllis) 

(o) TJpper edges of keel-petals at first joined, and pollen 
forced out at tip, as in &, but later on the keel splits open, 
and stamens and stigma emerge as in a Best-harrow (no 
honey in flower, therefore stamens all united) 

(d) Like Broad Bean, with tuft of hairs on the style 
which sweeps the pollen out of the keel when the latter is 
depressed . most Vetches and Peas 

(e) Meclianism as in d, but stamens long and coiled up 
withm a coiled keel Kidney Bean, Scarlet Bunner 

(/ ) Stamens and style tightly held, more or less coiled up, m 
the keel under tension, and springing out violently when keel 
is depressed Gt-orse, Broom, Petty Whin ( Genista Anglica ), 
Dyer’s-weed ((?. tinctorial), Lucerne and other Medicks 
( Medicago ) 

Kecent observations on the flowers of Papilionaceae have led 
to the generalisation that while many perennial kinds have self- 
sterile floweis (see Art 346), all the self-fertile hinds are annuals. 
Some of the latter, in fact, are self-pollinated before the flower- 
bud opens ( e.g . Sweet Pea, Garden Pea) The annuals cannot 
afford to be self-sterile, because they depend on each year’s 
crop of seeds for their very existence, whereas perennial plants 
can safely run the risk of not being pollinated at all on the 
chance of securing cross-pollination now and then. 
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QUESTION'S ON CHAPTER XV. 

1. Desoribe the leaf of a Sweet Pea, with a careful sketch. Why is 
the stem of the Sweet Pea 11 winged ” ? 

2. Describe the appearanoe of (1) a young Sweet Pea tendril before 
it has met with a support, (2) a tendril which has just oaught a support, 
(3) the same at a later stage, (4) an old tendril which has not graBped 
any support 

3. Desonbe, from your own observations and experiments, how a 
tendril aots 

4. Desonbe the vegetative parts (shoot and root) of the Everlasting 
Pea, and compare it throughout with the ordinary Sweet Pea 

5. Desonbe, with sketches, the flower of a Sweet Pea and its method 
of pollination. 

0. Desonbe a common Vetch (Facta) and compare it (as to shoot, 
leaves, flowers) with Sweet Pea and with Brood Bean. 

7. Why is the Broad Bean placed with the Yetoh ( Vicia) genus, and 
not with other tc Beans,” e g. French Bean or Scarlet Runner? 

8 Desonbe the mode of growth of White Clover and oompare it 
with that of Red Clover, pointing out how the vegetative organs of oaoh 
adapt it to its surroundings 

9 Desonbe the sleep-movements of a Clover leaf as they ooour in 
nature, and explain their oauses and their utility Give an account of 
experiments you have youiself mode on these movements. 

10 Compare the habit, habitat, leaf-struoture, and leaf-movements 
of Clover and Wood Sorrel 

11 Desoribe and compare the flowers of Red Clover and White 
Clover, pomting out any differences in structure and mode of pollina¬ 
tion 

12. Desonbe the way in which the Scarlet Runner chnibs, and com¬ 
pare its climbing with that of Sweet Pea or Garden Pea. 

13 Can you explain why a Soarleb Runner oan only olimb vortical 
or inclined supports, while a Sweet Pea oan olimb round even hori¬ 
zontal supports? 

14. Desonbe the flower-struoture and pollination-mechanism of a 
Scarlet Runner, with sketches. 

15. How can you cause a Sweet Pea plant, or a out branch, to go on 
flowering for a longer time than itjwould if left alone ? 
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10. Sketch part of a Gorse plant, marking clearly wlnoh structures 
are leaves and whioh are stems How are those organs distinguished ’ 

17 Point out the structural features by which a Gorse plant is 
adapted to its usual habitat. What other plants are often found 
growing along with Gorse ? 

18. Describe observations and experiments wlnoh show that the 
peculiar features of the Gorse plant are adaptations for enduring 
drought 

19 Describe the seedling of Gorse, and dismiss its structure and its 
relation to the structure of the mature plant. 

20. Desonbe the structure of the Gorse flower What happens 
when a bee ahghts on the flower ? How often oan a Gorse flower be 
visited by bees 9 

21. Desoribe the appearance of a Laburnum tree (1) in winter, (2) in 
spring, (3) m late summer or m autumn. 

22 Describe the inflorescence of Laburnum, and compare it with 
the infloreBoenoeB of the other plants of the Bean family which you 
have studied 

23 In what respect does the nutrition of plants of the Bean family 
diffei from that of most flowermg-plants ? 

24 Name eight papilionaceous flowers, of which six must bo British. 
Desoribe carefully, from observations you have made, the pollination 
of any one of these and draw its floral diagram 
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395. Little Celandine {Ranunculus ficariu) —Tina fami¬ 
liar plant, easily recognised by its glossy heart-shaped leaves 
and its bright-yellow star-like flowers, grows chiefly in moist 
places, whether open or shaded 

Dig up entire plants and notice that theie is no tap-root 
and that some of the roots are long, thm, and branched, 
while otheis are short, thick, swollen, and unbranched. Do 
the swollen loots contain reserve-food? How do the two 
lands of roots differ m function ? Out across a swollen root 
and test with iodine solution is starch present P Look for 
young shoots early m Febiuary, befoie the flowers have 
appeared, and note that above the swollen loots the young 
shoot has given off a number of oidinary roots, the hitter 
serve foi absorbing water and salts, while the giowth of the 
shoot takes place at the expense of the food stored in the 
thick (often club-shaped) root-tubei'8 Note the laige mem¬ 
branous sheathing scales (how many ?) which protect the 
young shoot Try to find earlier Btages, with the young 
shoot still enclosed m its sheathing scales, before the leaves 
and the slender roots have grown out; when were the tuberous 
loots formed ? 


Examine plants in different stages of growth and at 
diffeient tunes of the year, keeping some under observation 
m pots or boxes, and make out as much as possible of their 
ine-history How do the root-tubers change as the leaves 
grow larger and the flowers appear? Note that the leaves 
a f se fr ? m tte stem in opposite pairs (as a rule), 
and that the base of the stalk is broad and sheathing. 

Examine the flowers (February to May), each on* a stalk 
arising m a leaf-axil In most cases the flower has three 


m 
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green sepals, then an outer series (whorl) of three petals 
alternating with the sepals, then an inner series or five 
petals, when there are more than eight petals, the extra 
petals he within the noimal inner series of five (compare 
with flower of Butteicup) Each petal has a small scale-like 
nectary at the base of its inner (upper) surface • why is this 
surface bright yellow and shiny, while the outer (lower) 
surface of each petal is dull and dark-coloured ? 

What difference is observed if you visit the flowers on 
fine sunny days and on dull or wet days ? What advantages 
does the flower gam by closing m bad weather (wet, cold, or 
overcast) ? In what kind of weather are most insects seen 
on the wing, visiting flowers ? Note the numerous stamens, 
which ripen successively towards the centre of the flower, 
and the numerous carpels, which are not ready for pollination 
(i e the stigmas do not become expanded and sticky) until 
most of tlie anthers have opened (what is the advantage m 
this arrangement ?) Examine the carpels carefully, noting 
the small stigma on each Sketch (1) an entire flower, open, 
(2) the same, closed, (3) a sepal, (4) a petal, (5) a stamen, 
(G) a carpel, (7) a longitudinal section of the flower. 

The flowers are visited by various msects, the pollen being 
quite accessible and the honey only slightly hidden, so that 
flies as well as bees and wasps help in pollination. After 
pollination the flower-stalk curia over while the fruits are 
upemng What other changes occur m an old flower, after 
it lias been pollinated, or at least has had its chance of polli¬ 
nation ? How do the petals change in colour, and why do 
they lose then power of closing up ? It might be suggested 
that the bleaching of tlie old petals saves the time of intelli¬ 
gent insects, e.g bees, by showing them that the flower is no 
longer worth visiting. 

The fruits (akenes, nearly globular) are npe about June 
Examine an akene, peel off the coat, cut sections, and note 
the small embryo at one end of the seed, the bulk of which 
is occupied by endosperm, the embryo is peculiar in having 
only one cotyledon instead of two. Sow npe seeds and study 
the seedlings, they take rather a long time to germinate 

You will generally find that plants growing in deeply 
shaded places—in woods or under dense hedges—produce 
few fruits (why ?), but to atone for this the plants produce 
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small tuberous bodies (bulbils) in tlie axils of the leaves 
(note tliat shaded plants have longer stems and are less 
compact than those giowing well exposed to light) Each 
bulbil contains starch and has a resting-bud, the bulbils 
eventually become detached and give rise to new plants, 
The shoots die down soon after the fruits have ripened, food 
being stored for the following spiing in the tuberous roots 
and the bulbils, which are “ hibernating ” organs. 

396. Buttercups (Fig. 121) belong to the same genus 
(Ranunculus) as the Little Celandine. They differ from it 
in having lobed (often deeply divided) leaves, five sepals, and 
five petals. 

In a Buttercup flower note the five green sepals; the five 

E etals alternating with these, each with a honey-scale at the 
ase, the numerous stamens, the numerous carpels, each 
having a small thickened or hook-like stigma. Each of 



Fig 121 —Tlie Fnrtfl of a Butteronp Flower 

The points of Insertion of the different parts nre diagraruumtioally represented 
on the I'eoeptaole 


these parts is inserted independently on the receptacle, 
which is merely the expanded knob-like end of the flower- 
stalk. There is no cohesion—i e the receptacle-tissue does 
not grow up and raise the members of a series of flower- 
leaves on a basal outgrowth (compare sepals and stamens of 
Bean), the carpels contain each a single ovule, attached to, 
the bottom of the ovary. 
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Tlie flower is shallow, accessible to all binds of insects, 
which, visit it for the abundant pollen as well as for the 
honey (only slightly concealed by the outer stamens). 
Examine flowers of different ages, tlie outer stamens have 
shed then* pollen (the anthers open at the sides), while the 
inner ones are still bent over the carpels, covering the 
stigmas, which are not exposed until most of the stamens 
have moved outwards and have set the pollen free to be 
carried away by insects The “male stage” and the 
“female stage” thus oveilap for some time, during which 
self-pollination is possible, either because the innermost 
stamens touch the stigmas or by means of small insects 
crawling over the flowers 

397, TLo Bulbous Butteroup (if. biUboaus) ib easily distinguished 
when in flower; the sepals oui ve outwaicls and downwards The stem 
is swollen at the base, forming a kind of oorni; the lower leaves are 
broad and many-lobed, the upper ones have only a few narrow lobes 
Tlie Creeping Buttercup (If repens) has long creeping branohes 
(runners) winch grow along the soil and at the “nodes” send loots 
downwmds and shoots upwaids The Meadow Buttercup (7? aci is) 
has neither runners nor a thickened stem-base, its flower-stalks aie not 
grooved (as are those of the other two species), and it is the tallest of 
Butish Buttercups, being sometimes more than a yaul in height; the se¬ 
pals are, like those of JR repena, spreading, not reflexed as mi? htdboaua 

It, bvlboaua flowers ohiefly m early summer (May-July); JR repens 
from May to September, M acna from April to November (all the 
year round in sheltered places) 

The three commonest species of Buttercup agree in many respects— 
e g . in having five sepals and five petals, obo —but aie distinguished by 
tlie following, amongst other, characters:— 



Bulbous Buttercup 

bulhonuft) 

Meadow Buttercup 
(ltiwunculiui 
(un la) 

Creeping Buttercup 
{.Jtrmuncuhui npena) 

Stem 

Swollen at base, 
for storage of 
food 

Not swollen 
at base, no 
runners 

Gives off runners, 
which root at 
nodes, producing 
new plants 

Flower-stalk 

Furrowed 

Nob furrowed 

Furrowed 

Sepals 

Reflexed, % e. bent 
downwards 

Spreading 

Spreading 




348 


THE BUTTHROTJP FAMILY. 


The Celery-leaved Buttercup (7? scelercU'iis) is not bo abundant, 
though found widely distributed It is a more decidedly moistuio 
loving plant than the other Buttercups (given above), giowing chiefly 
in ditohes, and it ib annual. The lower leaves aie stalked and divided 
into 3 broad shiny hairless toothed lobes, the upper sessile with 3 
narrow lobes It differs from the three commonest species in having na 
soale on the nectftzy at the base of the petals, and its akones are raised 
on an oblong receptacle (owing to growth of the latter aftei fertilma 
tion) The dowers (June-Sept) are small (5 mm ), with pale yellow 
petalfl, hardly longer than the sepals wlnoli are rebooted as in 
M. bvlbomx 

Gol dilooks (7? auricomus), in woods, is like 7? ctcria but is losf 
harry and not so tall, and lower leaves have fewer, shallower, and 
blunter lobes , its flowers (March-May) often have, instead of the 
5 normal petals, numerous imperfect ones passing gradually into 
Btamens, and there is no soale over the nectar-pit 
Of the remaining Butteioups, the commoner spooios me Pale 
Hairy B. {7? hir&utua ), ohiefly in oultd fields, with loaves and oalyx 
as m R bidbo&iw, but flowers (June-Sept ) more numerous and paleL 
yellow, style straight, akones very flat and warty at edge ; Corn B. 
(7? arreTiffw), a tioublesome cornfield weed, with tall (1 to 2ft.) stem, 
growing with the com and ripening its fruite at harvest-time, the 
flowers (May-July) small (12 mm across) and pole yellow, akones few 
but large, covered with hooked spines, the style also forming a stout 
hook What are the advantages to the Corn Buttercup of (1) the 
u)ibran6hed stem, (2) the hooked akenes * These two spooios arc 
annuals; R hirmtus is rare m Scotland and not found m Ireland, 
while R arvensis is very rare in Ireland 
The ordinary Buttercups aie sometimes called “Crowfoots” from 
the shape of the leaves m most species, hut the two “ Spoai worts,” 
winch grow in marshy places, are easily distinguished by their long 
and narrow tapering leaves Like ordinary Butteioups they have 
yellow flowers The Lesser Spearwort (7? flammula) is the more 
widely distributed m wet plaoes, marshes, bogs, eto ; it is rarely ovoi 

1 foot high, its lower leaves are stalked, and its flowers (Juno-Aug ) 
about 1 cm in diameter The Greater Spearwort [It luujm) is 

2 to 3 feet high, its leaves are all sessile, audits flowers (July-Sept.) 
about 4 oms in diameter ; it is not nearly bo ooinmon. 

398. Water Crowfoot (Fig 122) —Under this name are 
comprised various forms of Butteicup or Crowfoot wlncli 
live in marshes or streams and have white flowers 
The Watei Crowfoots are very variable and the varieties 
are connected by intermediate forms, so that systematic 
botanists are not agreed as to the number of species that can 
be distinguished. 

(1) Those which grow m fast streams have most or all of 
then leaves submerged and divided into numerous fine threads 
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—the form best adapted to resist tearing by the r unni ng 
water, besides increasing the surface for absorption of water 
with dissolved salts and gases. 

(2) In those forms which grow in slow 
streams, ditches, or ponds, there are 
usually floating leaves (on the surface of 
the water) as well as submerged leaves. 

The former are rounded or lobed, not 
much divided, and bear stomates on their 
uppei surface The submerged leaves 
are finely cut, with numerous segments 
spreading m a circle 

(3) In forms which grow m shallow 
sti earns or pools, in marshes and muddy 
places, all or most of the leaves are of 
the entire, rounded or lobed, “ floating ” 
type. 

We thus get every transition from 
plantB with all or most of the leaves sub- ^ m _ Ptartof aWatel 
merged and dissected, to plants with all crowfoot, bhowmg a 
the leaves broad and either floating on tw ° 

the watei or raised above it The inter¬ 
mediate forms aie “ amphibious ” ; when the stream or pond 
dries up, they glow quite well in the mud, bearing only 
aenal leaves and no finely divided ones On the other hand, 
if flooded or transplanted into water in an aquanum, they 
will grow and produce only the divided submerged leaves. 
Experiments of this kind should be made • sow m damp soil 
the seeds of submerged forms, sow m water those of mud- 
inhahitmg forms 

In all cases the floweis are carried above the surface of the 
water, they resemble the flowers of ordinary Buttercups m 
general structure The flower-buds are developed below the 
surface, but do not open until they reach the air 

Romo botanists distinguish nearly 20 British Bpeoies of Water CJrow- 
foot, hut they are probably all varieties of one speoieB (22 aquatths). 
The commonest form has the lower leaves submerged and finely out 
and the upper ones floating with broad lobes. The commonest mud- 
lnhfthitnig foim iH often called Ivy-leaved Crowfoot (2? hederaceus) ; it 
has no submerged loaves, its stems root at nearly every node, and the 
firs, are very small, the petals being Bearoely longer than the sepals; 
two others oro often rogardod as distinot species—22 trijpcLi'titU8 i with 
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3-Iobed leaved and long narrow 3-veined petals, and it. ttolOvmandi, wit 
kidney-shaped leaves and longer 6-veined petalsa 

Examine Water Crowfoots, sketching the leaV^H and flowers Gon 
pare the forms of the leaves in plants growing in fast stiearns, i 
ditohes, in deep water, in shallow watei, in mild, eto Try to aoooun 
for the differences and to find out how they are oonneoted with th 
different Habitats of the plants. 

The Water Crowfoots serve admirably to illustrate many points 1 
the biology of aquatio plants (see ohapter on Ecology) 

399. Marsh Marigold or Kingcup (Oaltha palrntris).- 
This plant, which grows in low-lymg meadows, marsliet 
banks of stiearns, ponds, ditches, and other wet places, has 
tufted habit. 

The thick peiennial rhizome bears annual shoots, about 
foot long, which either grow erect or creep and root n 
intervals. Most of the leaves arise from the base of th 
stem and are long-stalked, the Bheathmg leaf-base has lai g 
membranous stipules which enclose the young buds. Th 
upper leaves, carried on the flowering branches, are smalk 
than the lower (“radical”) leaves and have very short stalki 
Cut across stems and leaf-stalks, noting them hollow struc 
ture.. Blow through a leaf, with (1) the stalk, (2) the blad< 
dipping into water, plunge a leaf into hot water. 

Note the large flowers (often 2 mches in diameter), wit 
golden-yellow flower-leaves (sepals), 1 numerous stamens, an 
from 5 to 10 carpels Note the resemblance of each carp* 
to the smgle carpel (“pistil”) of Bean or Gorse. Open u 
a carpel and note the arrangement of the seeds * liow man 
lows aie there, and on what side of the carpel, inner (toward 
centre of flower) or outer, are they canied? When ripe ] 
becomes a dry fruit (follicle) which splits open along th 
seed-bearing inner edge, the seeds are gradually shaken on 
as the wind rocks the fiuit to and fro. 

400. The Buttercup Family (Ranunculaceae) is dif 

tmguished by the complete absence of cohesion or odliesio 
between the parts of the flower; the sepals, petals, stamcm 


, Eow do these apparent petals differ from the petals of CJelandir 
and Buttercup ? Honey is produced at the bases of the oarpolfl ; tl 
flowers are visited by beetles (ohiefly Mehyethcs , Art. 349), fli© 
bees, eto 
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and carpels are always free [except m Nigella, where the 
carpels are joined together and the fruit is a capsule] The 
stamens are indefinite in number, i e they are numerous and 
bear no definite numerical relation to the petals or sepals 
The only really common genera in Britain are Ranunculus, 
Anemone, Clematis, and Caltha, but many are cultivated in 
gardens for their showy flowers 


L Fruit a collection of akenes. 

A. Shrubs, with opposite leaves 

.. Clematis . 

B Heiba, with (usually) alternate leavos. 

1. Sepals petaloid, no petals. 

(a) A ring of braots below flower 

Anemone 

(b) No braots . . 

. Thalict? uni 

2 Sepals and petals present 

(a) Sepals green, petals with nectaries . 

Ranunculus 

(b) Sepals petaloid, no neotaries , . 

[. Adorns ] 

II. Fruit a collection of follicles 

A Flower ‘ * regular ” 

1. Sepals persist in fruit 

Hellebo) us, 

2. Sepals fall off 

(a) Petals absent . ... 

. Caltha 

(b) Petals small, entire 

Trollius 

(c) Petals small, 2-lipped . 

. [Emntkis'] 

(d) Petals largo, spurred. 

Aqutlegia 

B. Flower zygomorphio 

1. Uppermost sepal hooded 

Aconitum. 

2. Uppermost sepal spurred 

.. Delphinium „ 

III Fruit a berry ... 

Actaea 

IV. Fruit a capsule 

. . [JVz gella\ 


401. Clematia (Traveller’s Joy, Old Man’s Beard) la the only 
shrub in the ordor , it grows in hedges, ohiefly on limestone, climbing 
by its petioles, whioh are sensitive on the lower side and after turning 
onoe round a support turn woody and persist, leaves opposite, of 3 to 
5 leaflets ; firs. (July, August) have 4 greenish-white sepals and 
numerous stamens and carpels , akene with a long (2 to 4 oms ) plume 
(=s persistent style). 

Many speoies of Clematis are oultd. , some with large brightly-ooloured 
firs , and some having the flr. more or less tubular by bases of sepalB 
being erect. 

[Atragene (Clematis) alpina has the outer Bta. converted into petaloid 
Btaminodes ] 
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402 Wood Anemone (Anemone nemovom ), very common, lin« it 
thin, rhizome giving off long-stalked loaves with 3 lobod leaflets, and 
soli tarv long-stalked flrs (Apnl, May)witli a ring (involucre) of 3 leaves 
(braota) below the flr , which has G (o to 9) white or pink sepals and 
numerous sta and opls 

In Pasgue Plower (A pulaatilla), on limestone downs, the lhs 
(May, June) are purple and tubulin, with honeyed slftimnodos within 
the sepals, the style becomes long and feathery (as m OlemutiH), and 
the 3 bracts are many-lobed 

In the oultd “Hepatioa” Anemono the fha (usually blue, Mai all, 
Apnl) have 3 undivided bracts just bolow the sepals, and thorefni o 
resembling a calyx. 

Examine also the oultd many-oolouied Poppy-like Anemones (spi mg, 
early summer) and the white Japanese Anemono (Aug -Oct) of gurdciiH, 


403. Meadow Rue ( Thalictrum ) has oomp loaves, often liku 
Maiden-hair Fern, flrs. (June-August) m crowded mils , small, witli 
4 or 5 small sepals, whioh soon fall off, yellow or groon ni tho 3 Biil. 
species, but with pmk anthers in some oultd forms; sta. uioot, 
forming the oouBpiouous part of the flr , opls few. 


404. Pheasant's Bye (Adorns) has glolmlai ill’s, with 5 yellow 
sepals, the petals, whioh have no nectary, me huge and yellow (A. 
vernaliB, eto.), or red with ft blaok basal spot [A. autumna/w, the ono 
found m Brit, hut a garden escape), numerous sta and opls. 

405. For HeXlehorus examine a oultd. “ Christman Rose” or 
“Lenten Rose,” noting the lhizome, often black, which gives oil 
aerial shoots ending usually in a single flowei or bearing a few flowers, 
and giving off (below surface of soil) the stalked comp, loaves, tho 
flower (Hov -March) is inclined on its stalk, 5 to 7 ouih diarn , and 
consists of 5 or 6 large sepals (white or pink with green base, persisting 
and turning green in fruit), 13 (range 10 to 21) Rtalkod gioon 2 lipped 
Blipper-shapea nectaries, about 90 stamens (m ladiatmg InicH, one lino 
starting from each nectary), 5 (sometimes 6 to 10) carpelH moio nr less 
joined at base. 

There are two wild Hellebores in But. on limestone m S. and IC 
Eng.—the Setterwort (H foztidus , perennial, aerial stems with 
numerous drooping flowers, Jan -Apnl, 25 mm. aoross, sepals groou 
edged with brown and not sheading until nectaries and sta. have 
fallen) and Bearsfoot ( H . vind animal; flrs few, inolmod, March- 
April, 40 to 50 oms across, sepals spreading), both have 3 opls. 

406. [Winter Aconite ( Eranthw ) has a tuberous rhizome, 1 * radical” 
leaves, each with a circle of 3 to 5 lobed leaflets ; firs (Jan.-Maroh) 
solitary, with an mvoluore of 2 or 3 lobed leaves, 5-9 (gem 0) yellow 
sepals which close up at night and in had weather, 5-9 (gen. 6) tubular 
nectaries alt. with sepals, about 30 sta., 3-11 {gen 6) opls,] 
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407 G-lobe Flower ( TroUius ), rare wild (on lulls), but often 
oultd , has globular flis (May-August), gen yellow, with 5 to 15 
petaloid sepals, 5 to 15 smallei petals, with neetaiy pit at base, nrrmei- 
ous slioi t sta , 5 or more opls 

408. [Faeony. Note the tubeious iootB and the huge fits (May, 
June) which close at night, sepals 5, passing gradually outwardB into 
the foliage-leaves, 5 oi moie petals without nectaries, numerous sta , 
and few (often 2 oi 3) huge fleshy opls , joined at base , honey produced 
abundantly by a disc aiound the opls , in some species the tli 1ms a 
tuhtlai diso ] 

409 Examine the Columbine (Aqmferjut), often cultd in many 
Bpecies and raueties with viuiously ooloruod firs , A nulyai is, chiefly 
on limestone, haB deep blue flis (May-July); firs 1 to *2 ms across, 
drooping (but elect in truit), 5 petaloid sepals, 5 petals with long basal 
honey-Bpurs (gun hooked at end), many sta m regular HeneB, opls 5 or 
moie, lnuei sta gen antheileas 


410. [Nitjefla (Love-in-a-mist, Devil-m-the-bush), annual, with 
finely divided leaves The fli , gen blue, has an involucre of » leaven, 
5 petaloid sepals, 5 to 8 pooket-like neotaneH each with a lid, 5 opls 
with inn fed ovaries winch split along the paititions when upe ] 


411 The Butish species of Attma (Baueberry), A spicata, 
grows olnefly in N Eng on limestone, but seveial varieties are oultd 
A spicata has small (6 mm aeioss) white flis (May) m shoit dense 
racemes , Bepals 3 to 5, petaloid, soon falling , petals small (4 to 10) or 
absent, I opl , becoming a blaok egg-shaped (10 min long) many- 
seeded berry (poisonous) 


412. Monkshood (Atomtoi), not common in Brit , but much 
oultd in gardens, lias a blaok rhizome (gen Bpmclle-sliaped and radisli- 
like, but veiy poisonous) , firs (Jiuie-Sept.) blue, eto , with 5 petaloid 
sepals, the uppeimost one foimmg a laige hood, the lowest pair small, 
petals lepd by 2 long-stalked curious nectaries under the sepal-hood, 
the other 3 small or absent, filaments of sta bioad at base ; opls 3 to 5. 


413 Larkspur [Defphiuiuin) is also ohiefly known by the garden 
forms; firs (June-Aug ) blue, eto , with 5 petaloid sepaLs, the upper¬ 
most having a long basal spur, 2 upper petals, small, each with a 
spui, the two spurs promoting into the sepal-spur and being pressed 
together so os to form a tube above and a solid mass (nectary) below , 
the lowest petal is gen absent, but the other two (also absent in 
D ajacia) aie brightly coloured and hairy, standing at each side of the 
entranoo to the sepal-spur ; opls. 3 to 5, often reduood to 1, the fir. is 
at first horizontal but becomes erect in fruit 


B F M. 
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414. Flower Mechanisms in BammcTilaceae.—Tins 
family shows a wide and interesting range in flower struc¬ 
ture, and includes some of the most beautiful examples of 
adaptation to visits of particular insects The perianth is 
generally petaloid and larely shows a “typical” calyx and 
coiolla, though t-lns does occur in the largest genus (the one with 
most species )—Ranunculus In neai ly all cases the “ petals ” 
either bear nectaiies or are represented bymoie or less elaborate 
honey-organs These nectaries, which so often occur between 
the perianth leaves and the stamens, aie commonly regaided 
as modified petals, but more probably they have been derived 
from the outei stamens and have never been petals at all 

Winch genera have floweis whose structure seems to sug¬ 
gest (1) that the flower has not yet developed petals, whose 
attractive function is assumed by the coloiued (petaloid) 
sepals, or (2) that petals may have been derived from the 
outermost stamens, or (3) that sepals may have evolved from 
fohage-leaves or biacts growing ]ust below the flower? 
Peihaps the flowers of this family are still in course of 
evolution; at any rate, veiy few show the distinct sepals and 
petals of a “ typical flower 15 “ Sepals ” are always piesent 

(primarily as a green protective envelope), and should the 
11 petals ” develop as honey-tubes or remain undeveloped the 
“sepals M usually become white or coloured when the flower 
opens, rarely lem am iug green (Wild Helleboie), so that it is 
at least convement to limit the term “petals ” m tins family 
to the honey-leaves. 

The flowers are usually protandious, with the anthers 
extiorse (opening on them onter faces), but those of Thalio- 
tium, Helleborus, and Ur an this are piotogynous, and those of 
Wood Anemone and Tiollius are homogamous 

Wood Anemone and Traveller’s Joy are honeyless flowers, 
visited chiefly by small insects (flies, etc ) for pollen, but in 
some species of Anemone and Clematis there ore honeyed 
stammodes partially concealed by the sepal-bases and the 
stamens, and therefoie only reached by faiily long-tongued 
insects Adonis and Thahctrum are also “ pollen-flowers ” ; 
some species of Thalictmm have polygamous flowers (some 
with Btamens or with carpels only, others with both, on same 
plant) and aie largely wind-pollinated, though the kinds 
with pretty anthers aie visited by insects. 
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The flowers of Trollius and Wood Anemone are often seif- 
pollmated, and m most of the other genera self-pollination 
may occm as a last lesoit, but m Selleborus it is precluded 
by the absolute protogyny of the flower In N'tgella the long 
styles are at fust erect, out of reach of the stamens (the 
flower is protogynous), but before all the anthers have 
opened the styles (unless already pollinated) bend down and 
thus bring about self-pollination 
Oh anti ns and Paeony show closing movements to protect 
the pollen and honey (cf Little Celandine), and Trollius has 
the flowers nearly closed all the time, similar piotection is 
given by the inclined oi drooping position of the flower in 
Helleborw and m Aquilegia (^the hooked end of the petal- 
spurs pi events the honey from dioppmg out), by the arched 
hood m Monkshood, and the lioiizontal position of the flower 
m Larkspur The nectaries of Columbine, Laikspur, and 
Monkshood can only be leached by long-tongued bees, the 
flowers open m summer, when bees are plentiful, aie visited 
chiefly by liumble-beeB, and usually have the rich blue coloui 
charactoiistac of so many “bee-flowers ” 



Fig 123 — Longitudinal Suction of Flower of Laikapur (1? uj<tu*) 


The flowers of Larkspur (Pig. 123) and Monkshood 
(Fig 124) are the most highly specialised in the family, and 
the visitmg insects can only entei in one particular way to 
reach the well-concealed nectaries, the stamens move up¬ 
wards or inwards in turn, as they ripen, so as to block the 
way lo the nectaries, each stamen moving away again when 
its pollen is shed In Laikspur the entrance to the spur is 
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furtliei narrowed by the two side-petals, present in most 
species, which also act as “ honey-guides ” 

The humble-bee often 



Fig 124 — Longitudinal Seotlun of Flowei of 
Monkshood 


bites thiough the petal- 
spurs of Columbine and 
the hood-sepal of Monks¬ 
hood, but the thick double- 
walled spur ofc Larkspur 
seems to prevent tluB. 
These three flowers are fine 
examples of adaptation to 
a special insect-visitor, the 
pollen and honey are shel¬ 
tered fiom ram, and the 
honey can only be reached 
by a large and long-tongued 
bee All three flo wei in mid¬ 
summer, when humble-bees 
are most abundant The 
limit of distribution of the 
Monkshoods (, Aconit'um) 
over the earth closely fol¬ 
lows, and is just within, that 
of the humble-bee (Bmn bus) 


415. Classification (Varieties, Species, G-enera, Orders, 
Cohorts).—The study of the Buttercup family affords a good oppor¬ 
tunity to learn something of the pnnciples involved in the classification 
of plants The object of classification is to arrange plants in a aoheme 
which sliall as nearly as possible express their actual affinities oi 
relationships by desoent, i e by evolution from common ancestors 
A really natural scheme of classification can never be more than an 
expression of our views concerning these “ blood relationships," but 
as our knowledge increases by further research the system beoomes 
more and more a true reflection of the affinities of plants 
As is well known, there is a oertain amount of variation among the 
offspring of all plants, though the general characters of the parents 
are handed down by heredity. Sometimes the variations are slight 
and “continuous,” te connected by intermediate foiniB with one 
another, but they may be more marked and “ discontinuous,” i e. 
hardly, if at all, connected m this way Formerly it was behoved 
that the small continuous variations formed the material fiom whioh 
species arose by natural selection, but there is reason to regard the 
large discontinuous variations or “mutations” as being of muoh 
greater importance in evolution 
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When vanafcions are very marked as well as c< discontinuous,” they 
become more or less fixed varieties For instance, there are two 
common varieties of Meadow Buttercup {Ranunculus <zms) m one 
the stem is densely hany at the base, and the segments of the 
“radical” leaveB oveilap each other; m the other variety the stem 
ib only slightly hany, and the leaf-aegmeiits do not overlap Many 
examples of varieties are found m cultivated plants Varieties differ 
from each other in small and variable oharaoteis, chiefly affecting the 
vegetative organs, but sometimes m floral characters of slight impor¬ 
tance —e (/ shape and coloiu of petals Species differ in moie 
important characters of the vegetative organs, ot of floweis and fruits, 
or of both We have alieady studied the distinguishing chaiaoters of 
the aommonei species of Buttoicup When the differences become 
still moie pionounced and moie constant we agree to recognise dis¬ 
tinct genera, and a number of closety related genera constitute a 
Natural Order. Thus the Buttercups, Anemones, Marsh Marigolds, 
Aconites, LaikspurB, etc , all belong to diffeient genera of the Natural 
Older Ranunculaceae. 

Natuial Oiders differ fiom one another in having different types of 
floweis and diffeient ariangemontH of the flowers and leaves Families 
or ordeis are grouped into Cohorts, The cohort Ranales includes, 
besides the Kamuiculaccae, the Nymphaeaccae (Water-lily order), 
Magnoliacoao (Tulip-tioe ordei), Betbendaocoe (Barbeiry oidei), 
Mynstioacoao (Nutmeg older), Lamaoeae (Lauiel oidei), and a fev 
otheis The oolioils of seed-plants fall into foul gLeat divisions— 
Gymnosperms, Monocotyledons, Lower Dicotyledons {Arth%- 
c Jilamydcae .), and Higher Dicotyledons {Sympdalac )—the three 
latter divisions forming the Angiosperms. 

As you pi oooed with the work of classifying plants, you will lealise 
that the boundaries between varieties and species, between speoies and 
genera, aud so on, cannot bo precisely and sharply defined , the same 
applies even to the boundary between the lowest plants and animals 
This is, of oomse, just what we might expect fiom what we know 
about vanation and ovolution Honoe an absolutely natural system of 
classification can only bo an ideal to bo aimed at 

The lelations betweon a variety, a species, a genus, and an order 
may be shown as below — 



Genus c 


Genus 


_ v ai lety 

Siiecies „ 

Vanety 

Vanety 

^ Species^ 

Variety 

Variety 

species-, 

' Variety 
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Of course, there are many speoies whioh, though vauable (as all 
species are), have no distinct varieties—that is, they show continuum* 
but not discontinuous variation A speoies may have many or few vai 10 - 
ties, a genus many or few speoies, and an order many or few genera 
In faot some genera have only one species—that is, a Hpeoies may bo 
so distinct from other plants that it is rawed to the rank of a genus 
And a single genus may be regarded as forming an order by itself - 
tliere are several suoh oases known In the scheme givon above, each 
speoies is represented as having two varieties, each genus as having 
two species, and the order as consisting of two genera 


QUESTIONS ON CHAPTER XVI 


1 How does the Little Celandine hibernate, and at the same time 
multiply apart from seed-production 9 

2 Describe, with sketoh, the appearance of a Little Celandine plant/ 
when its leaves first appear {end of January ol in Febriuny) 

3 Describe the flower of Little Celandine and oonipaie it with Unit 
of an ordinary Buttercup What property has the Celandine flower 
that is not possessed by a Buttercup flower, and why ? 

4 Describe, from your own observations, the movements shown by 
the flower and the flower-stalk of Little Celandine 


5 Name the three commonest English speoies of Buttoiouj) 
Desoube an} one of them as fully as possible, and point ant exactly 
the character in wlnoh the other two dift'or fiom it and fiom emo 
another How do they differ as regaids the situations in which they 
usually grow, and the time of year in winch they flower most freely ? 

6 Describe the adaptations which the flowers of Celandine, Butter¬ 
cups, and Water Crowfoot have for securing pollination Whioh of 
these will be likely to reoeive most insect-visits, and why ? Winch 
will get fewest visitors, and why 9 

7 Describe a Watei Ciowfoot and compare it with an ordinary 

Butteroup 47 


8 Describe the adaptations shown by a water plant, with flouting 
leaves or submerged leaves or both kinds, to its mode of life. 

0 Why are aquatic Flowering Plants behmed to have descended 
from land plants 9 


, -1° Desonbeand compare the leaves, flowers, fimts, and mode of 
life of Marsh Marigold and Little Celandine Why aio the yellow 
leaves irf the flower of Marsh Mangold regarded os'being sepals and 
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11 Desoribe the flowers and fiuifca of Clematis, and point oat the 
resemblances and differences between this plant and a Buttercup By 
what organs does Clematis climb? In what lespeots does Clematis 
differ from the otbei British members of the Buttercup family ’ 

12. Describe the flowers of Laikspui and Monkshood, and oompaie 
them with a Butteioup flower 

13 Distinguish between a speoies, a vanety, a natural oidei, and a 
genus, illustrating your answei by lefeience to thiee examples of 
each Can you exhibit the relations of the foiu in a diagiammatio 
form ’ 

14 Describe, with diawmgs, the appearance and stiueture (not 
mioiosoopioal) of the flints of live diffeient members of the Rauuncu- 
laoeao, and also of any live of the following seeds Maize, Bean, 
Almond, Castoi Oil, Pme, Sunflower, Gouid 
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THE EOSE FAMILY. 

416, Dog Rose (Rosa canina) —There are many species 
and varieties of Wild Boses in Britain, the Dog Eose being 
the commonest 

The plant has a woody “stock” which produces suckeis, 
these are also given off by the roots m some cases During 
the first yeai of growth each shoot usually grows erect to a 
height of three or four feet and does not branch; later on 
the shoot may branch freely and reach a length of ten feet 01 
moie in a single season 

How do the long arched Bhoots scramble over other plants 
in a hedge? Try to pull a branch away from the hedge 
note how it lesists your pull by chngmg to its companion 
plants in the hedgerow Sketch a piece of the shoot, showing 
the shape of the prickles and the direction m which they 
curve Are the pnckles deeply embedded m the stem, or can 
they be pushed off easily ? Each prickle is evidently part of 
the rind or outer tissue of the stem Are the prickles scattered 
evenly over the branch, or do they tend to be clustered at the 
“ nodes ” where the leaves come off ? Do you see any advan¬ 
tage m this arrangement of the pnckles ? 

How many leaflets are there on each leaf ? Does the leaf 
bear any pnckles ? Sketch a leaf, showing the narrow pointed 
stipules which adhere to the base of the leaf-stalk, pull a 
leaf down and notice the bud, which is protected by the 
stipules 

Trace a side shoot down from its tip to the place where it 
springs from an older, leafless part, note the leaf-scars on 
this older part, which belongs to last year’s growth Trace 
this two-year-old part back to where it in turn arises from an 
older stem with a darker surface, this three-year-old part is 
thicker and harder to cut 
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Do all tlie shoots hear flowers? Do the flowers glow 
singly or m clusters? Are the flowers found in the thick 
parts of the hedge, or only at the top and along the sides, 
where there is plenty of an and sunlight? How does the 
arrangement seem advantageous with regaid to (1) the 
pollination of the flowers, (2) the ripening of the fruits, 
(3) the dispersal of the fruits ? 



Examine a flower (Fig 126), notmg the green um-hke tube 
from the edge of which arise the five gieen sepals, the five 
white or reddish petals, and the numerous stamens; the 
petals are attached by a narrow base, as in Butteicups, while 
the sepals have broad bases Examine the sepals carefully, 
noting the appendages which fringe the edges; are all the 
sepals fringed on both sides, or are any of them fringed on 
one side only, or not fringed at all? Examine a flower-bud 
and see whether the relative positions of the Bepals throw light 
on the distribution of the fringes 

The Dog Rose has no honey, but the flowers (June to 
August) are visited by various msects for pollen Note the 
numerous styles, each with a slightly dilated stigma, which 
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project a little from the mouth of the flower-tube. Cut a 
flower down thiough the middle of the tube and trace the 
styles down to the Ovanes which are inserted all over the 
lower part of the tube The stigmas become receptive practi¬ 
cally at the same time that the anthers open, but insects 
generally alight on the stigmas first, and thus bnng to 
them pollen from previously visited flowers. 

Exam me twigs showing vanous stages m the foimation of 
the fruits (“hips’’), noting that the sepals become bent down¬ 
wards but do not fall off before the fruit ripens and turns 
red Note the shape of the fruit (fiom what part of the 
flower is the red fleshy “hip ” formed?), the narrow mouth 
of which is blocked with woolly matenal, on the rim of the 
urn notice the five scars wheie the sepals have fallen Out 
the “ hip ” m two longitudinally, noting its thick wall and 
the numerous seed-like bodies (really fruits, akems, since 
each is formed from an ovary) within it, and the white 
threads (bundles) passing from the flower-stalk mto the 
wall of the “ lnp ” Why is one side of each akene curved 
and the other two sides flat ? Note the slender thread (style) 
at the top of each akene, also the stiff brittle hairs covering 
the akenes and the inner surface of the “lup ” The akenes 
are dispersed by birds, which are attracted by the bright 
colour of the fleshy “ hip ” 

Some of the oommoner Wild Rosea aie easily identified. The 
Burnet Rose or Sootoh. Rose (R spinosissiina) is a small erect 
buBhy plant (1 to 3 ft high), chiefly found on sand or shingle at the 
coast, with crowded jpnokleB varying in size and shape, but mostly 
straight, and passing mto mere bristles and glandular hairs , seven to 
mne small leaflets, flowers small, solitary , fruit nearly blaok , sepals 
persistent and erect on top of “ hip ” The Sweet Briar (i? mbigiiwaa) 
is more olosely allied to Dog Rose, hut its leaves have a pleasant smell 
when rubbed owing to an aromatic substance produced by numerous 
small reddish gland hairs on leaf-stalkB and lower side of leaflets; the 
prickles are hooked but mixed with bristles and hairs , flowers usually 
solitary The Field Rose (R arvenew) bos leaves and prickles as in 
Dog Rose, but is a more trailing plant, the dowel’s ore white, soent- 
lesa, m clusters (3 or 4), “hip” globular; sepals not fringed, styles 
united into a column whioh projeota from month of “hip”, this 
Bpecies keeps on flowering later than the Dog Rose The Downy 
Rose (R villom) is distinguished from the downy varieties of Dog 
Rose by the globular fruit, which bears Bmall pnokles, the Btem- 
loth side^ 6 8traigtlt or onl F fl hghtly ourved, the leaflets downy on 
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417. Strawberry ( Fraganavesca ) —The cultivated kinds 
•should be examined as well as the wild form, which differs 
chiefly m the smallei size of the vanous parts 

Note the perennial rhizome, which is woody and scaly, 
giving off in early summer the numeious creeping branches 
(runners) Each runner arises in the axil of a leaf on the 
rhizome, grows along the soil, and at intervals sends loots 
downwards and shoots upwaids The roots contract and 
become wrinkled, pulling into the soil the shoots, from 
whose bases more roots grow out The flowering shoots 
aie erect (3 to 6 ins), covered with soft hans; the basal 
leaves have long stalks with three leaflets with toothed 
edges, but the upper leaves are simpler and have short stalks 
or none 

The l unners of the Strawberry not only enable the plant 
to spiead over the soil and send up leafy and floweimg shoots 
wh^re theie is plenty of air and light, they also serve for 
propagation apart fiom seeds, that is, “vegetative” repro¬ 
duction , since the slender scale-beaimg part of the runnel 
withers aftei the new shoots have grown up, the lattei 
- become free from the paient and form independent plants 

In the flowers note first the saucei-hke receptacle (cone- 
sponding to the um-like structure m the Eose flower) 
beaiing at its edge five green sepals, on its upper side the 
five white petals and the numerous stamens, and on its lowei 
side five small green leaves alternating with the sepals The 
leaves below the sepals form the “ epicalyx ”, they represent 
the stipules of the sepals, which have grown together m 
pairs In the centre of the flower arises a knob which bears 
the numerous small carpels, each with a short style and a 
small stigma , between the rim of the “ saucer ” and the 
central carpel-bearing knob theie is a nng-like nectary 

The honey is only slightly concealed by the stamens, and 
the flowers are visited by flies as well as by lai ger and longer- 
tongued insects (bees, etc ) The Btigmas become ready to 
receive pollen, i e reach then* full size and become sticky, 
before the anthers of the flower open to shed the pollen, so 
that self-pollination is to some extent hindered and cross- 
polhnation favoured, pollen may be brought to the flower in 
its first (“female”) Btage from another flower (younger or 
older P) In some cultivated varieties of Strawberry the 
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lower part of the knob bears no carpels, and sometimes the 
flowei s are unisexual, i e either have stamens or carpels, but 
not both in the same flower 

Aftei fertilisation of the carpels, the central knob swells 
and becomes fleshy, the petals fall off, but all the other parts 
persist, even the withered stamens The ripe carpels 01 
« pips ” (akenes) remain on the surface of the knob and are 
dispersed by birds which aie attracted by the biightly 
coloured and fleshy mas9, eat it and the “ pips,” and either 
drop the latter 01 pass them through then* digestive canal 

Compare the fruits of Strawberry and Rose In the 
Strawberry the leceptacle is divided into a saucer-like part 
and a central knob, instead of being a deep urn with a 
narrow mouth, and the akenes aie borne on the surface of the 
knob instead of bemg on the inside of a cup In both cases, 
however, the fleshy part is formed from the receptacle, and it 
is instrumental in bringing about the cbspei sal of the akenes 
by birds 

Be careful not to oonfuse tlie true Wild Strawbeiry with the 
" Strawberry-leaved Potentll,” often also called “ Barren 
Strawberry,” which is a species of Potentxlla resembling the Straw¬ 
berry m having short tufted stems, silky liana, three toothed leaflets, 
and white flowers (Mar-May), but the leceptacle knob does not 
swell or become juio^, noi does the Htem send out runners so fieely 
as in the Strawberiy Besides the Barien Stiawbeny ( P fi agiii'vxa- 
frum) t there aie several other common species of Pofejifilla, differing 
from it m having yellow flowers The Tormentil ( P tormenhlla), 
so common on heaths, is easily known by its erect or slightly oreeping 
stems, stalkless uppei leaves, small flowers (June-Sept ) with (usually) 
four petals The Creeping Cinquefoil ( P reptana) grows chiefly in 
hedges, has long oreeping stems, leaves all stalked and with five 
toothed leaflets, and larger floweis (June-Aug ) with (usually) five 
petals The Sflverweea (P anaenna) has long runners, numerous 
leaflets (large and small, often m regulaily alternating pairs) covered 
below with silky down, and very large flowers (July-oept) , it grows 
commonly on roadsides and in waste places (often on sand and shingle 
beaches) 

418. Hawthorn (Crataegus oxyacantha) , although gene¬ 
rally forming a much-branched hedge-shrub, may reach a 
height of thirty feet or even more, forming a tree (usually 
with a rounded head) with slender branches which often 
droop at the ends The bark on the old parts shows 
numeious longitudinal furrows dividing it into scales 
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The buds are small and have a few spirally ai ranged 
scales They may glow out to form one or other of several 
types of branches The bud may develop into (1) an 
ordinary shoot (“long shoot”) on which the leaves are 
well spaced out and have large, green, toothed, persistent 
stipules , (2) a “ dwarf shoot ” on which the leaves aie crowded 
and. the stipules aie small and soon drop , (3) a dwarf shoot 
ending in an infloiescence, (4) a “long thorn,” towards 
whose tapering, pointed, hard end the leaves gradually 
become small, narrow, led scales, (5) a “ short thorn,” 
whose tip becomes pointed, hard, and led, and bears two 
small scales below and seveial still smaller ones bighei up. 
Both long and Bhort thornB may give off: blanches in later 
yeais Examine as many plants as possible, notmg bow the 
general habit is influenced by the foimation of these various 
types of branches. 

The leaves (1 to 2 ms long) are stalked, the glossy blade 
is narrow at the base and is divided into three or five lobes, 
which vary gieatly in shape, hut are usually moie or less 
toothed The stipules are roughly i-anow-sliaped, toothed, 
sometimes peisistent, and very vonoble m shape 

The flowers, arranged in clusters m such a way that they 
all reach nearly the same level when open, ai e built on the 
same general plan as those of the Dog Eose, but the stamens 
are fewer (about twenty) and -there is only one carpel (some¬ 
times two or even three). The sepals are short and narrow, 
they bend down when the flower opens. The five petals are 
lounded, wlnte or pink, and attached to the inn of the 
receptacle-cup by a narrow base The caipels resemble 
those of the Eose flower, but the stigmas are broad The 
stigma is leceptive before the anthers open , at this stage the 
outer stamens Btand erect and the inner ones are bent in¬ 
wards and downwauls so that they do not touch the stigma 
and self-pollination is hindeied 

Honey is produced at the base of the style and is partly 
■concealed by hairs; the flowers are visited by various insects, 
but their peculiar smell appears to he specially attractive to 
flies The odour is due to a substance (trmiethylamme) 
which is also produced in decaying fish. The flowers can, m 
the absence of insect visitors, pollinate themselves, as a last 
resort arrangements for self-pollination are found m many 
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plants. In fine weathei all the stamens eventually move- 
outwards and the anthers open, but on cold or wet days the- 
inner stamens remain bent inwards and the outer ones shed 
their pollen over the stigma, causing self-pollination Why 
is Hawthorn popularly called “ May ” ? Why is it often called 
“ Whitethorn ” ? Ho you know the “ Blackthorn ” (Sloe) ? 

The fleshy part of the fnnt (“ haw”) is formed fiom the 
receptacle-cup, the top is thm, so that the hard akene or 
“nutlet” is here close to the surface The akene is some¬ 
times called the “ stone ” because of its hardness, but it 
differs in nature from the true stone found m the plum or 
cherry The “haw” lesembles a Eose “hip” in structure* 
differing chiefly m having a single akene (sometimes two) with 
a harder wall Cut the akene open to see the seed inside 
it The “ haws ” are eaten, and the single-seeded akenes dis¬ 
persed, by bmds When the seed germinates the cotyledons 
are carried up and become oval green leaves, the earliest 
foliage-leaves are very like the later ones 

Compare the nature of a thorn, 01 spme, with that of a 
pnckle Can a thorn be pushed off, like a pnckle ? Scrape 
the rind away from the base of a tliom and from the stem 
around it, also cut thiough the stem longitudinally, at the 
same time bisecting a thorn Ho these experiments show 
that the thorn contains wood, which is continuous with the 
wood of the stem ? Compare the thorns of Sloe (Black¬ 
thorn), G-orse, Buckthorn, and the prickles of Bramble* 
Easpberry, Borage, Teasel, with those of Hawthorn and 
Eose. How does a thorn (spine) diffei from a pnckle ? 

419. Rowan (Pyni8 aucujparia) is, like Hawthorn, a 
small tree (ten to thnty feet high), but m high and exposed 
situations it may form merely a stunted shrub. 

The Eowan is often called “Mountain Ash,” but it is 
easily distinguished from the true Ash by its leaves, which 
are alternately arranged and have stipules, those of the 
Ash bemg m crossed pans and without stipules The leaf 
lias an end leaflet and from two to nme pairs of lateral ones 
Each leaflet is nanow, oblong, toothed, and from one to two- 
inches long, smooth above, but downy below when young; 
the old leaflet has scattered hairs on the lowei side, espe¬ 
cially along the veins 
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Tlie bark remains tlnn and smooth for several years and 
shows transverse lenticels, but later it becomes thick and fur¬ 
rowed The restmg-buds aie long, hairy, blackish, and pressed 
close to the stem They may, when they open, grow into 01 di¬ 
nary long shoots, or into dwarf shoots which grow very slowlv 
and bear each year only a few closely crowded leaves 

The cream-white flowers are small but crowded in flat- 
topped inflorescences at the ends of short blanches, the 
inflorescence is cucular in outline (10 to 15 cms. diameter) 
The floweis (about 8 mm diameter) open m May or June 
and closely resemble those of Hawthorn m structure, their 
peculiar odour being also due to the presence of trimethvla- 
irnne and the stigmas maturing in advance of the anthers 
They are visited laigely by flies and beetles, also by bees, 
the honey is protected by hams on the lower parts ~ of the 
short styles (generally three or four) Note that the axis of 
the inflorescence branches repeatedly (three or four times), 
but all the flowers aie raised to the same level (of what 
advantage is this ?) 

The fruits aie globular (about 6 mm diameter), with scarlet 
skin and yellow pulp, the hard central part has (usually; 
three chambers or “stones,” each containing a seed The 
three ovaries are practically united and the receptacle grows 
closely around them, so that the fruit has the same structure 
as the “ pome ” of Apple or Pear The berries npen in 
August and September, becoming brilliantly coloured and 
fleshy (until then they are small, green, and hard) , they are 
eaten largely by Thrushes, Redwings, Fieldfares, etc 

420. The pome-bearing Rosaoeae belong to Pyrus and allied genera. 
In addition to Rowan, there are 4 British species ot Pyrm —Pear, Apple, 
Wild Service, White Beam Apple and Fear have Bimple ovate leaves, 
20 sta , 6 cpls , with leathery perioarp , firs m simple cymes or umbels, 
protogynous The Pear is a taller and more handsome tree than the 
Apple, its leaves are not downy below, even when young , buds not 
hany , petals white, not tinged with red, anthers red, not white or 
yellow, styles free, not joined at bases; fruit nevei concave at base, 
even when rounded instead of pear-shaped, cells of fruit (m oross- 
Bection) have their outer margin rounded, not pointed , flesh gen with 
gritty pai tides, not found in Apple 

In both Apple and Pear the flowering dwaif shoots (“ spurs ”) arise 
from the larger buds, the smallei buds may grow into long shoots or 
non-flowenng dwarf-Bhoots ; the end of a shoot may turn hard and form 
a spine, but tins does not occur so often as in Hawthorn and Sloe 
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sharp-toothed, firs (Mar, Apnl), usually before the leaves, 10-20 
mm. aoross, often solitary, Iv-tube bell-shaped witli 5 blunt lobes, 
0 5, A 15 to 20, drupe blue-black, with dull “ bloom,” bitter, stone 
rough 

Examine, if possible, the other 3 native British speoies of Prunita — 
Bullaoe, Gean, Bird Cherry—and the 2 speoies which often occur as 
escapes fiom cultivation—“Wild” Plum and Sour Cheiry Bullaoe 
and Plum are closely allied to the Sloe, but have brown bark, pointed 
buds, drooping (never erect) fruits, and larger leaves, firs (in pairs), 
and drupes (sweet) Bullaoe has few spines, leaves downy below, 
drupe about 1 in aoross , Plum has still larger parts, leaves downy on 
the nbs below, no spines, young shoots not hairy as in Sloe and 
Bullaoe, firs after leaves (Apr , May), fruit often oval and violet or red 
instead of globular and blue-black 

The Gean or Wild Cherry (P avium, the origin of the “Hcaib” 
and “Bigaioon” Cherries) has no suokeis, is sometimes 60 ft high, 
with steeply-rising branches, bark has conspicuous transverse lentioels, 
and peels off in thin transverse strips, but is lough and longitudinally 
furrowed at base of tree , leaves droop on long stalks with 2 led glands 
below the pale green blade (oval, with pointed tip and double-toothed 
edge); buds pom ted (leaf-buds) or blunt and rounded (mfloiesoenoe- 
buds), opening vegetative bud shows transitions between bud-scales 
and young foliage-leaves, and the latter secrete gum from glands on 
their teeth , firs (May) in umbels of 2 to 6 , K oonBtncted at top, lobes 
entire , petals broad, limp, forming a Bpreading corolla ; drupe sweet, 
without bloom, with staining juice The tree is often attacked by a 
fungus which causes “witches 1 brooms” (nest-hke tufts of short 
branches, as m Birch) and pi events flowering, besides deforming the 
stems and leaves (on which the fungus spores are formed as a white 
coating, to spread the disease) 

Sour or Dwarf Cherry (P cerasua , the origin of Morello, Duke, 
Kentish, etc , Chernes) differs from the Gean in several points — 
smaller, with l eddish bark ; more spreading, Blender, and oft en droop¬ 
ing branohes , numerous root-suckers thrown up, leaves dork bliush- 
green, more leathery, with short stalks, spreading instead of drooping, 
not hairy , infl -buds have leafy inner scales , firs come before leaves 
and are smaller, K-tube not constricted, lobes bluntly toothed 
(i crenate ), petals firmer and more erect, drupe gen. red, acid, juioenot 
staining, skm separates easily from flesh and flesh from stone j never 
found truly wild m Europe (original home not definitely known). 

Bird Cherry (P padus) is a small tree (10 to 20 ft) with copious 
ix>ot-“suokers”, smooth bark with short transverse lentioels; ouds 
long and pointed, often ourved ; leaves short stalked, blade bulged at 
base , firs (May) small (12-20 mm across) m long (3 to 5 ins ) hanging 
racemes (sometimes erect), with short stalks, petals toothed, flit 
protogynous (those of most Cherries are homogamous), drupe small 
(8 mm ), black, bitter, moie or less poisonous to man, but eaten bv 
birds. J 

Examine the Coznmon or Cherry Laurel {Pimniw laurocemtmtt) and 
Portugal Laurel {P liisitanicci), which are olosely allied evergreen 
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plants, often oultd , with long erect racemes of white firs arising m 
axils of leaves of preceding year, and dark purple drupes Cherry 
Laurel has large thiolc glossy leaves, with edge even or minutely 
toothed here and there, and 2 to 4 glandular pits on underside neai 
base of blade, firs (April, May) smell lather disagreeably, leaves 
taste of bitter almonds and are poisonous, but used in small quantities 
for flavouring Portugal Lauiel lias smaller and more leathery leaves, 
daiker in colour, regulaily toothed, without glands , raceme shorter 
than leaveB, fits (June) smaller 

The Peach, and its variety the Nectarine, have rose-colouied 
cherry-like firs (March, April), 1 or 2 togethei, before the leaves, 
drupe with velvety skin, fleshy pulp, wrinkled stone (smooth in 
Neotarinc) Almond (probably the origin of Peaoh) has solitary firs 
(Mar., Apr ) before leaves ; drupe (ripe in Oot.)with velvety skin, firm 
(not fleshy pulp), splits to let out the pitted or smooth stone, seed 
(the part eaten) Bweet or bitter in different varieties or sometimes on 
same plant Apricot differs from Peaoh and Almond in having shining 
heai t-shaped leaves, and in flowering earliei (Feb., Mar ), stone with 
one end pointed, the other blunt, and a gioove on both sides. 

423 Spnaea inoludes numerous species of shrubs, often oultd. ; 
nearly all have the young twigs cinnamon-brown in colour and theiefoie 
conspicuous m winter, and fieely produce suckers The leaves vary 
greatly in different spooies, simple, entire, toothed, lobed, or pinnate- 
compound , flis white or 1 oddish, gen small and in dense mfls , K 5- 
lobed, persistent, C 5 , A 10 to 50, filaments gen with broad bases , 
G 5, or more, raiely fewer or 1, gen quite separate but sometimes 
joined at base , fruits = follioleB The Willow Spiraea (S 8ahcifolia) 9 
sometimes found in hedges and plantations but not native m Bnt, is 
one of the commonest speoies, 4 to 0 ft high, with simple serrate 
leaves (2 to 3 ms long) and long cylindrical infls of pink firs (July, 
Aug ) with 6 opls. 

No true Spiraeas are native in Brit, though Meadowsweet and Drop- 
wort are often (wrongly) given m “ Floras ” and other books as being 
speoies of Spi7 aea These two plants belong to the genus Ulmana t 
whioh oonsists of herbs, with one-seeded fruits (akenes). Meadow¬ 
sweet (U pctiu8t'na) i in damp plaoes, has large oompound leaves with 
a large 3-lobed end leaflet and alternate pairs of large and small side- 
leaflets, all white and downy on underside, small (6-8 mm ) firs (June- 
Aug ) in a dense flat-topped infl (5-15 oms across), white , opls. 5 to 9, 
twisted and horizontal Dropwort (U flipendida), in diy places, has 
nearly all its leaves basal (“ radical ”), not downy below, smaller (4 to 
9 ins ); firs m a loose infl., tinged with red , opls 6 to 12, straight 
and erect. 

424. Riilma is ohiefly repd in Brit, by the innumerable kinds of 
Bramble or Blackberry {R. fruticoms , Fig 120) The Dewberry 
[R caetnus) is distd by having small prickles, few firs in infl , drupes 
few and large and covered with w axy bloom The Raspberry spreads 
and multiplies largely by suckers—shoots whioh grow horizontally 
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below the Boil and then turn up and give us© to am ml hIiohIn , tin 
latter are usually biennial, flowering (June-Aug.) m then wjunnu \ea 
and then dying down, prickles on stem ntiflight and hloiulm, ni 
flowering-branch curv ed; firs drooping, gieenish-whiUj. 



Fig 120 —Longitudinal Section of Flowui of Uliutklwuj. 


425 Oeum, (AvenB) has 2 But species, both m eot poronniiilH witl 
numerous pinnate “radical” leaves (each with numeious paired side 
leaflets and a much largei end-leaflet), honeyed piotogynous llrs , am 
akenes with persistent hooked style Wood Avens or Ifni li Boimol 
(<?. urbanum) has erect yellow tiis (June-Aug ) with K-IoIkin iuIIomti 
in fruit, it grows commonly in hedgeiows. Water Aveiis [<*. ) ivafu 
ha& drooping fhs (May-July), laiger (2-4 onis across), with eonHpiouoiu 
red-brown K-lobea and oiango petals, akenes in a head on a piolonga 
tion of the reoeptaole , it grows olnefly beside streams Several RpeciOh 
of Oeum are cultd. 

426. Dryaa is a small tufted shrubby creeping plant found m lull 
districts on limestone, often on the faoes of cIiAh , leaves small, white 
below , flrs (June, July) 2-4 oms , white ; K-lobes 8 or 0 ; petals 8 or 
9, oblong , A oo, G oo , akenes with long (2-5 oms,) foatheiy st^lo 

427 Agmmonia has 1 Brit species, Common Agrimony, m 
hedges, etc , with short woody lhyzome, pinnate leaves (3 to 7 ms. 
long, with 3 to 10 pairs of serrate leaflets), and long raceme of small 
(8 mm) yellow flrs (June-Aug.); K-tube (receptacle) top-shaped, 
covered with hooked spmes, with narrow mouth ; HepalH 5, ti mngiilnr, 
pointing inwards, 0 5, A 6 to 10, sometimes more ; apis, 2, enclosed 
in K-tube, each with style and 2-lobod stigma projecting, K-lubo 
becomes woody in fiuit, raceme lengthens, and flowor-Htalks curve 
downwards 
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428. Lady’s Mantle [Ahhemilla vultjarte) has a sboit thick ljuzome ; 
aenal atom 6 to IS ms high , leaves rounded, (J- to 9-lobed, “radical” 
ones large and long-stalked (m rain the edges curl inwards, so that 
walei is collected), flis (Jime-Aug ) m more ot less flat-topped mfls 
(oymes), small (3 mm. across), yellowish-green , K-lobes 4, with 
4 enacts (epioalyx) , no petals , 4 sta , on mouth of K-tube, which is 
neaily olosod by a houey-diso but allows tlie Btyles of the opls. (2, often 
only 1) to projeot Parsley Fiert {A arvtnais) is a much smaller 
plant, annual, bianohed from base , leaves fan-shaped and 3-lobed, 
stalk shoit, flis very small, almost hidden by the stipules, biaots 
gen absent, sta 1 or 2 ; opls 1 to 3 The large Bpecies glow in moist 
pastiues, the small ouch in waste places on dry soil A tlnid speoies 
{A alpmtt), peiemiial, with silky nans all over except on uppci side of 
leaf, glows on high lulls 

429 The Burnets {Polo mm) aie eieot perennials, with short 
ihizome, rosette of pinnate leaves with pun eel stalked leaflets, and 
small flis (Juno-Aug ) in deime long-stalked heads ; K-lobes 4, stalked , 
opls 1 to 3, each with a much-branched stigma on a long style Wind- 
pollination oocms m Salad Burnet (P mnymsoi ba), common on 
olialk-dowiiH, with small firs in mop-like dusters (8-20 mm diam ), 
ooutaming 9 flis above and $ flis below, Q firs open first and have 
gen 1 cpl , £ tbs have 20 to 30 sta with long hanging filaments 
Great Burnet (P officinale ), m moist pastiues, has heim firs in an 
oblong head (1 to 1£ ins long), which have a lioney-diso round mouth 
of K Lube, only 4 sta with short rigid filaments, and less blanched 
stigmas , it is not so specialised as Salad Burnet foi wind-pollination 
ana retams more traces of descent fiom insect-pollinated ancestors 

430 [The Medlar (Afe&pilus) is a small tree, with spines in “ wild ” 
state, leaves oblong, entire or minutely serrate, woolly below, firs 
(May, June) solitary, laige (1£ ins aoioss), white, on short stalk, 
K woolly, fiuit biown, globulax (A to 1 in. diam ), with a large 
depi ession at top and latgc persistent K-lobe9 , stones (gen 5) 1-seeded, 
large ] 

431 Ootoneaxtci\ gen grown as 1 lulling shrubs (some kinds ever¬ 
green), lias gen. ovale leaves, firs (April, May) in corymbs, small, gen 
pink, K-tuho tnp-Rhnped ; petals persistent, cpls with fiee styles; 
hint small, red, with 2 oi 3 1-seeded stones. 

432 [The Common Quince (Gydonat mlyarifi) is a small straggling 
tieo; firs. (May) on “spurs,” gen solitary, laige, A 20, cpls 5, 
mined below to fonii fi-loo ovary, each loo with few ovules, styles 
free, with small stigmas, nut as high os sta , pomes hard and bitter; 
seeds with gummy ooaU Japanese Quince diffeis m producing its 
Ilrs (Feb -May) largely befoie the foliage-buds open , Hib in a raceme, 
seal let; A about fiO, in 5 circles on funnel-like reo , loo of ovary with 
many o\ ules ; stigmas larger and lobod, higlior than sta.] 
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433. Flower Mechanisms in Rosaceae, —In most 
Rosaceae the flowers, which are regular and show all degrees 
of pengyny, are msect-pollmated (except Potenum ) and 
mostly visited by all sorts of insects In most cases honey 
is produced by the whole inner surface of the receptacle, or 
there is a rmg-like nectary (disc, Rig 126) round the re¬ 
ceptacle mouth within the insertion of the stamens , Dog 
Rose, Agrimony, Meadowsweet, and Dropwort are honeyless 
pollen-flowers Lady’s Mantle and the smaller Potentillas 
are visited by flies, Cotoneaster chiefly by wasps 
In Prunus and the larger-flowered Pyrus-types the stamens 
form a sort of pahsade, which keeps out short-tongued insects , 
this is especially niaiked in flowers like those of: Quince, which 
are largely visited by bees (the sliorter-tongued ones only 
gettmg pollen) and whose receptacle is often bored by the 
bees The flowers are often moie or less protogynous (Haw¬ 
thorn, Sloe, Avens, Bird Cherry, Japanese Quince, etc), 
though (often m allied forms) sometimes homogamous 
(Common Cherry, G-ean, Dropwort, etc) or protandrous 
(Roses, Potentillas, Meadowsweet, etc.) Self-pollination is 
apparently possible in all eases 


QUESTIONS ON CHAPTER XVII 

1 Wliy are tlie prickles on eieot-growmg Roses abiaiglit, while 
those on Borambling KoBes are hooked 9 

2 Desonbe oarefully the structure of a Rose flower Why is the 
Dog Rose called a “ pollen-flower ” ? 

3 Explain dearly the differences between the prickles of Roses or 
Brambles and the spines of Hawthorn or Sloe 

4. Describe and compaie, gning sketches, the fruits of Rose and 
Strawberry 

5 Desonbe the different kinds of leaves on a Stiawberry plant In 
what respects does a cultivated Strawbeny differ from the wild Straw¬ 
berry 9 

6 How does the Wild Strawbei ry differ from the Barren Strawberry 9 

7 Describe the different forms of branohes found on a Hawthorn. 
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8 Desonbe tlie flower of Hawthorn By what inBeots ib the flower 
visited, how does it attraot mseot-visitors, and how is Belf-pollmation 
hindered ? 

9 Desonbe the fruit of Huwthoi n, and compare it with the fruits of 
Bose, Strawberry, and Rowan To which of these plants is the Haw¬ 
thorn most oloBely allied ? 

10 How could you distinguish in winter, in the absenoe of leaves, 
flowers, and friuta, between Rowan (“Mountain Ash”) and the real 
Ash-tiee 9 

11 Oompaie, by means of a senes of sketches with the parts labelled, 
the fruits of Clieny, Bramble, Strawberry, Potentilla, Avens, Agnmony, 
Rose, Hawthorn, Rowan, and Apple. Deal only with fruits you have 
ootually examined. 

12 Why are Cherry, Sloe (Blaokthorn), Plum, Almond, Cherry 
Laurel, and Portugal Laurel all placed together m the same genus 
[Primus) ? In what i aspects do they agree? Mention some of their 
differences 

13 Why arc Rowan, Apple, Pear, Service-tree, and White Beam all 
placed in the same genus (jpyrua)’ In vhat respects do they agree’ 
Mention the distinguishing ohaiacteis of each plant, dealing only with 
those you have examined 

14 Mention the commonest speoies of Potentilla, noting the dis¬ 
tinctive oliaraoters of each, the months when eaoli is most abundant in 
flowei, and the habitat in whioh eaoh occurs 

15 Mention ten Rosooeous plants, of which eight must be British. 
Draw careful longitudinal sections of the flowers of four of them 

16 Give diagrams with brief descriptions, showing the variation m 
the form of the ovary and receptacle in the Rosaceae Give examples 
of eaoh case Name the olnef British genera of this order. 
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THE WALLFLOWER FAMILY. 

434. Wallflower (jOheh tmthus clieiri) can be obtained m 
flower at almost any time of year Charlock, Turnip, and 
other plants of this easily recognised family should also be 
examined 

Note the perennial erect stem, woody and cork-clad below, 
green and five-angled above, the crowded sessile lance-shaped 
leaves, entire or slightly toothed, arranged in five rows; the 
numerous branches, often ending m a bractless raceme of 
flowers (rich red or purplish biown m garden plants, yellow 
in the wild form which grows chiefly on old walls). The 
youngei parts, including the sepals (outer side) and the 
ovaiy of the flower, bear curious haus, not easily seen but 
plainly felt on drawing a leaf (underside) across one’s lips 
These hairs are pointed at each end and he parallel with the 
surface of the stem or leaf, attached by a short stalk at the 
middle, hke a compass-needle, they are well adapted for 
preventing slugs and snails from crawling over the plant 
Tear off a strip of skin (epidermis) from stem or leaf, mount 
m watei, and draw some of the hairs seen with the microscope. 

In a raceme note that all the flowers are at first kept 
nearly at the Barne level, owing to the longer stalks of the 
lower flowers, but as the lowest flowers wither (aftei pollina¬ 
tion) the raceme-axis grows on and the next flowers to open 
take then places, until all the flowers have opened and been 
pollinated, then the axis keeps on lengthening and spaces out 
the fruits It is easy to note the exact position of each part 
of a flower with reference to the stem or raceme-axis 
(Figs 127,128) 

Note the four free eiect purplish sepals, in two pairs, one 
pan- (right and left) a little below (outside) the other (front 
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and back) pan’, the two lower (outei) sepals are bulged at 
tlie base Note tlie four free petals, each with a uai row erect 
lower part (claw) and a broad spieadmg upper part (limb), 


LONG STAMEN STIGMA 



Pig 127 —Vertical Section of Wallflower 


the two outer short stamens (one opposite each of the bulged 
sepals) and the four inner long ones (m two pairs, a pair 
opposite each inner sepal) , the cylindrical ovary with two 
rounded stigma-lobes on a very short style, 
the green squarish nectaries at the bases ^ 

of the outer stamens 

The lionev can only be reached by fairly 
long-tongued bees and butterflies , they 
stand on the platform made by the 
spreading petal-limbs In probing for the 
honey, which collects in the pocket-like 
bases of the outei sepals (each of the two 
outer stamens stands out, leaving a space 
between it and the pistil), a bee will rub Mg us.— Floral du- 
against an anther with one side of its head gw*™ of a omcifar. 
and against, tlie stigma with the other side. 

The fmgiaut floweis are much visited by bees and butterflies, 
but are solf-pollmated in tlie absence of insect-viBits 
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The structure of the ovary is best seen by examining the 
fruit 01 " pod ” into which it grows; it can, however, be 
made out with a lens The ovules aie attached to the inner 
wall of the ovary at opposite sides (front and back), but 
from each placenta a plate of tissue grows (when the flower 
is developing) to meet a corresponding plate from the opposite 
placenta, so that the ovary becomes two-chambered, though 
the ovules are on parietal placentas 

When the “ pod ” ripens, the wall splits off into two valves 
(nght and left) from below upwards, leaving a frame consist¬ 
ing of the thickened placentas (each bearing two rows of 
seeds) with the thin partition (“false septum”) stretched 
between them (Pig 110) , the “pod” opens m dry weather 
and the thm flat seeds may be earned by the wind This 
kind of “pod” is termed a siliqua , it is veiy characteristic 
of the Wallflower Pamily, though occurnng in a few other 
families besides. 

435. The Wallflower Family (Cruciferae) is easily 
recognised by the cross-like arrangement of the four petals, 
the general similarity of the other flower-parts to those of 
Wallflower, and by the fruit, which is nearly always a siliqua 
or a silicula (short broad siliqua) 

Since the family is remarkably uniform in flower-structure, 
it is not easy to divide it into groups oi even to define the 
genera The groups of genera dealt with in the following 
notes are distinguished by their fruits (1) Fruit longer 
than broad (siliqua) —Wallflower, Stock, Honesty, Nastur¬ 
tium, Hesperis, Arabis, Cardamme , Sisymbrium, Brassica. 
(2) Fruit short (silicula), flattened at nght angles to parti¬ 
tion — Capsella , Lepidmm , Iberis, Thlaspi (3) Fruit short, 
but not flattened at nght angles to partition —Dr aba , 
Drophila Alysaum , Oochleana (4) Fruit divided into several 
one-seeded joints (lomentum) —Radish. (5) Fruit of two 
supeiposed jointB — Grambe , OaMle 

436. The Stocks oultd. for their flowers in gardens are speoies and 
vane ties of Matthxola and Mdlcolmia (Virginian Stock), the former 
genus being represented by 2 wild speoies (rare) on the ooaBt in south 
England 

Many other Crucifers grow on oi near the ooast {Oalcite, Crambe , 
Wild Cabbage, Wild Radish, Oochleana , Sweet Alyssum), but have 



THE WALLFLOWER FAMILY. 


379 


given nee under oultn {for flowers or as food) to numetous varieties 
grown inland The Stocks have large firs like those of Wallflower, 
with long-clawed petals, [Matthiola instis (cult ) is scented in the 
evening and viBitea largely by moths, as aie the large purple firs, of 
Hesperia (Dame’s Violet, cultd ) The large oval pods of Honesty 
(Lunana, cultd ) are used as ornaments after removing the valves to 
display the shiny paitition , the seeds aie flat and winged]. 

437. Nasturtium includes the Wateroresses [the “Nasturtium ” or 
“ Indian Ciess ” of gardens is a totally different genus ( Tropaeolvm ) of 
another ordei] , the Common Watercress has hollow stems, some¬ 
times floating, pinnate leaves with a largo end-leaflet and 3 to 6 pairs 
of smaller side-leaflets, Bhoit racemes of small white firs (May-Oct) 
and shoit ((3 mm ) pods There are 3 other Brit species, not so 
common, with -yellow firs , in moist places N sylvestre (creeping 
rhizome, leaf with numeioua nairow leaflets, pods 12 to 20 mm long), 
N pahmtrc (stem eroofc, leaf with few leaflets and the end one very 
large, firs, very small with patois slioiter than sepals), N amphibium 
(Btcm 3 or 4 ft. high, submerged leaves pmnately out, upper ones 
entire and toothed, petals longer than sepals). 

438. Caidamine, distd. by having pinnate leaves, has 2 oommou 
Brit species G. pi'atensis (Cuckoo-flower or Lady's-smock), leaves 
all pinnato, large lilao or nearly white firs (Apnl-June), growing 1 to 
2 ft high in wet places; 0 hirauta (Hairy Bitterorees), on banks, 
walls, eto, leaves mostly m a rosette, with lounded leaflets, firs 
(Mar -July) small and white, sta gen 4, valves of ripe fruit are elastic 
aud suddenly ourl out and jerk the seeds away 

439. Arable (Rookoress) has sovotal Brit spooies, none very 
common, m dry places, with spoon-Bbaped toothed “radical” leaves 
and nauow sessile upper (Btem-) leaves, firs gen white , several kinds 
are cultd. as rookeiy and bordoi plants 

440. Siaymlmum has 3 common Brit, speoies S alharui (Garlic 
Mustard, Jaok-by-the-hedge, with stiong garlio Bmell) lias during 
winter a rosette of long-stalked kidney-shaped “radical” loaves ana 
m spring sends up flowering stems 1 to 3 ft high, flis (April-June) 
white, pods 2 or 3 ins long, 8 officinale (Hedge Mustard), very 
oommon in dry waste plaoes, has a most characteristic habit owing to 
its hard stoma brandling at right angles, hairy leaves with a few 
narrow lobes, very small yellow firs. (Juno-Aug.), and narrow tapenng 
pods pressed closely to the stem , S thaliana (Thalecress), annual, 
leaves mostly “ radical,” oblong anti stalked (very few on stem, 
narrow, sossilo), flis white, pods long and more or loss 4-angled 

441. There aro about 7 Brit spooies of Drassica, all with rather 
largo yellow ihu, beaked pods, and gummy-aouted seeds ; they fall into 
2 sections: (1) Cabbage and Turnip, with sepulB oroot, (2) Mustard 
and Oharlook, with sepals spreading. 
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The Wild Ca/bbage {B oleracea ), on sea-cliffs m 8 W of England 
and Wales, lias a stout ereot woody lhizome bearing smooth obovate 
leaves, covered with bloom, and long racemes of palo yellow firs 
From it have arisen by oultn the numerous and interesting cabbage 
races In the least improved raoes (borecole, cow-cabbage, Scotch 
kail) the laige fleshy leaves aie still open and loose , in the other races 
they form a oompaot “heart” (ordinaly green and red oabbagos with 
smooth leaves, savoy and curled kale with wrinkled leaves), or the 
stem grows up and bears fleshy cabbage-like buds (brusselB sprouts), 
or fleshy infln. (cauliflower, brooooli) , the stem itself becomes thick 
and fleshy m kohl-rabi or “ turnip cabbage ” 

Wild Turnip (5 campestris), a common weed in cult soil, lias its 
lower leaves pinnate and its upper oblong and stem-olaspmg, but they 
vary greatly m shape , the racemes approaoh the corymb form, and the 
firs are bright yellow. From it are derived the cult turnips and 
swedes with swollen roots, also the rapes (root not swollen) whose 
seed yield rape and colza oil (rape has black seeds, colza brown seeds). 

Charlock (B simipis), very common m cornfields, eto , is annual, 
hairy, with lobed leaves and large (20 mm ) firs , pods 1J to 2 ina , 
standing out from stem White Mustard ( B . alba), whose seedlings 
are used in salads, is like Charlook, but its flis are smaller and its 
pods have few seeds Black Mustard [B nigra ), wild on sea-oliffH, 
is also annual, but its leaves are not hairy oi lobed, and its 4-angled 
short (6-12 mm ) pods are pressed against the stem 

442. The commonest Crucifer with Bhort pod (Bilioula) is Shep¬ 
herd’s Purse ( Capsella ), with triangulai or heait-shaped pods , a 
polycarpio annual (i e germinating, flowering, and fruiting soveial 
times in succession each year) found in fli nearly all the yem , lower 
leaves stalked, pinnately-lobed (oi entne), gen forming a losette , 
upper leaves sessile, speaihead-shaped , infl more ol less flat-topped 
at first, firs small, white 

# 

443 Lepuhum includes Common Cress (seedlings used for salads) 
and a few Brit speoies , the firs are minute and white, often without 
petals, sta often reduced to 4 or 2, pod very small and soale-like with 
1 seed m each chamber ; L imderale, in waste places chiefly near the 
sea, annual, radical leaves muoh divided into narrow lobes, upper ones 
narrow and entire, firs with minute petals or none, 2 sta , L campeslre 
(Pepperwort), fairly common in fields and roadsides, haB compara¬ 
tively large pods (6 mm ) 

444. Candytuft {Ibei is) has 1 Brit species (/ amaiu), annual, m 
cornfields, hut varieties ore cultd. for their showy firs , winch oi e in flat 
infls (coivmbs), all the firs , but especially the outer ones, in a corymb 
(Fig 93) Lave the 2 lower (outer) petals larger than the other 2 (tins 
makes the coiymb more conspicuous to mseots) ; note the nbbed Htem 
with short hairs on the nbB, the pod with 1 seed in each chamber, the 
long style 



THE WALLFLOWER FAMILY 


381 


445 Thlatpi (Penny or ess) lias 1 common Brit species^ ar venae), 
in chy fields, annual, with stalked entire radioal leaves, which soon 
wither, and arrow-shaped stein-leaves, stem 1 to 2 ft , slender, gen 
unbianohed, flis (May-July), white, \ in. aoross , pod with a broad 
wing, deeply notched aL top with the short style m the notch 

446. Draha {Eioplula) verna , Vernal Whitlow-grass, oonimon 
on walls and diy stony soil, is an annual with all its leaves m a 
rosette , leaves }-l in long, entire; laoeme l-ltfins long, with rather 
few small (3-6 mni diam ) white firs (Mar -June) , petals 2-lobod; 
pods G-8 nun long, containing about 30 minute seeds. Can you see the 
advantage to a spring fiowormg annual plant of having vumeioua 
seeds ? There are 4 othei Brit species of JJi aba , chiefly on lulls , they 
have leaves on the fiowonng-stoms as well as the rosette-leavos , many 
speoiQB are oult in lookenes and aio mostly perennials, with few-seeded 
pods and gen hairy loaves. 

447 Alyasnm, often oultd , has small entne leaves [often hoary with 
olosely-piessed hairs (gen star-shaped)] and dense intis of small wlnte 
oi yellow fiia , pods shorL, few-seeded , A ma) itimum, in waste places 
near the sea (a doubtful native), is oult as “ Sweet Alyssum,” its 
white firs being scented [Tho closely allied genus Auln'ieha i& also 
much oultd ] 

448. Coclilcai in lias 1 common But speoies, C officinale (Scurvy - 
grass), found on sea-shores and on high lulls, perennial, with cordate 
fleshy radical leaves, flis white (May-Aug ), 6-8 mm , pod nearly 
globular (3-0 mm diam ), C ai momcia (Horse Radish), oultd (part 
eaten = fleshy rhizome), but often found appaieutly wild, with long- 
stalked (1 ft ) oblong radioal leaveB and sesnile mu row stem-leaves, 
til's (May, June) in pamoled lacemes, small (8 mm aoioss) and white, 
fruit not ripened m Brit 

449 Raplianw (Radish), Cmmhc (Sea Kale), and Cable (Sea 
Rocket) arc each ropd by a Blit speoies (mai Uima) found at the 
coast Sea Radish (biennial, loughly hany, leaves many-lobed and 
toothed, flis jellow m long racemes) is probably the paient of the 
Wild Radish (A* raphmnutnun , “ WlnteCharlock ’), which is annual 
m oornticldR, less Inin y, with large (2 tuns ) wlnte tirs (May-Sept), 
pod 1 to 3 ins with a beak about 2 ms long , also the oultd. Radish, 
whioh 1ms a long swollen root Sea Rocket, common on sandy and 
slungly 1 loaches, annual, with zigzag blanches, broad fleshy leaves 
or 3 ins long), 11 ih (Juno, July) white nr purplish, l om aorosH, m 
corymbs; pod with two |oints, ouah with 1 Heed. Sea Kale, with 
Hanio habitat, but not common, has a fleshy oteoping lhizome, large 
fO l.o 10 niH long) broad stalked iloHliy bloom-covorcd cordate ladioal 
loaves (stem-leaves few anti small), flis, (Juno-Aug ) 1 om. aoioss, 
white, in much-blanched cmyinbH , pud with a slender seedless lower 
Joint anti a globular l-soedetl upper joint 
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450. Flower Mechanisms in Cruoiferae. —The floweiis 
are generally homogaonous, though often protandtous but 
with a relatively long overlapping period during winch self- 
pollination may occur. The flowers ore visited by flies when 
the sepals aie short or spreading and the petals short-clawed, 
and some of the small-flowered types (e g Shepheid’s Purse, 
whose flowers often have only 2-4 stamens when produced in 
the colder months) are legulaily self-pollinated The larger 
flowers, m which the sepals are erect and hold the clawed 
petals together so as to form a sort of flower-tube, are visited 
by bees and butterflies, the honey being partially concealed 
and protected from ram The large light-coloured evening- 
scented flowers of Hesperis and some Stocks, etc , ai o visited 
by moths 

Note the general tendency of the raceme to form a round- 
or flat-topped infloiescence while the flowers are opening— 
the raceme is nearly always corymbose —so as to make a con¬ 
spicuous mass of flowers. This is especially marked m 
Candytuft, wheie the flowers, especially the outer ones, have 
a zygomorphic corolla After flowering, the raceme-axis 
lengthens out, carrying up the fruits for more effective seed- 
dispersal 


QUESTIONS ON CHAPTER XVIII 

1 Describe fully the carpels of the Pea and of the Wallflowei, and 
state the uses of the various parts 

2 Describe the flower stmoture and pollination of Wallflower, with 
sketches. 

3. Describe the ports of the plant wluoh are eaten in the following : 
Turnip, Cabbage, Brussels Sprouts, Cauliflower, Sea Kale, Radish, 
Mustard, Watercress, Common Cress, Horse Radish, Kohl-rabi. 

4 Describe the Cruoiferae whioh grow at the sea-ooast How do 
they differ fiom most plants which grow inland? 

5, If you had to teach a Botany class m a laige town, how would 
you most easily obtain material with which to work ? Mention some 
of the objects you could readily get, and the points of interest you 
could show on them 
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6 Describe the Oruoifers which grow in or near streams. 

7. Write an aooount of the fruits of Cruoiferae, noting any peculiar 
forms or methods of Beed-dispersal, with sketches 

8 Note any points of interest connected with the following plants . 
Shepherd’s Purse, Candytuft, Hairy Bittercress, Sea Rocket, Honesty* 
Dame’s Violet, Garlic Mustard, Vernal Whitlow-grass 

9 Write an aooount of the methods of pollination met with in 
Cruoiferae 
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THE CAMPION- FAMILY 

451. Greater Stitch wort (Stellaria holostea ).—This 
well-known plant, whose wlnte star-like flowers ore prod need 
so abundantly in hedgerows m spimg and early summer 
(April-June), is a herbaceous perennial, the shoots dying 
back in winter The branches produced m spring arise from 
buds m the axils of last year’s leaves on the old parts of t-lie 
stem 

The weak slender stems are four-angled, and easily broken 
across at the swollen “ nodes,” which bear the leaves in crossed 
pans. The stems are not strong enough to grow erect, except 
when the plants are crowded and suppoit each other, but 
they often climb or scramble ovei the hedge-forming sin libs 
The narrow leaves (1 to 4ms long) are at first erect (parallel 
with the stem), but as the stem with its long mteinodes (due 
partly at least to the plant being shaded) insinuates itself 
among the branches of the hawthorns, etc , the leaves spread 
out and thus hook on to the supports, the four rough ndges 
of the stem also helping in this method of clnnbmg 

The grass-like form of the leaves is also well adapted to 
enable the Stitchwort to grow among long grasses and to get 
its share of air and light in the struggle which is so keen in 
crowded hedgerows The leaves are ligid and Hessile, tlieir 
long nanow shape making a stalk unnecessary, and the bases 
of each pair are joined around the stem, forming a sort of 
cup m which water can be caught and absorbed by the stem 
“ nodes ” Note the hairs covering the younger parts of the 
stem and the edges of the leaves, and the single well-marked 
vein (midrib), with indistinct side-veins, of the leaf. 
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Most of the shoots end in an inflorescence, which is a good 
example of the dicliasium or biparous cyme, characteristic of 
this family though found in several others. The stem ends 
in a flower which grows out on a long thin stalk, then a 
branch arises m the axil of each of the two leaves, this 
branch bearing a pair of leaves and ending in a flower, and 
so on. This branching may occur quite regularly as often as 
six times, but as a rule the full number of flowers is not 
formed every time of branching. 

The flower (1 to 2 cms. diam.) has five free sepals, five 
petals twice as long as the sepals and each deeply notched, 
ten stamens in two circles, and a rounded ovary with three 
styles The numerous ovules are on a free central axis The 
cup-like flower contains honey, secreted by glands at the 
bases of the stamens on the receptacle and available to short- 
tongued insects 

The flower is protandrous, the two circles of stamens suc¬ 
cessively rising and sheddmg their pollen before the styles 
diverge The inner surface of each style is covered with 
stigmatic ha irs, so that pollination does not occur until the 
styles spread out and expose then stigma-surfaces.^ The 
flowers are usually cross-pollinated by the various insect- 
visitors, but self-pollination may occur as a last resort by the 
spreading styles touching the anthers. - 

The fruit is a thin-walled globular capsule, which splits at 
the top into six teeth, the seeds being shaken out when the 
wind rocks the plant about (censer mechanism). 


452 Common duckweed ( Stdlaria media) is one of the 
commonest and most variable plants, but is easily recognised 
bv the line of hair on the cylindrical stem, changing in posi¬ 
tion at each “node.” Water poured on the leavesrnos<lown 
these lines, which evidentiy serve to dry the 
m\d to convey water to the root, some of it probably being 

alMoilwd * “ ’%££££ 

pointed,' but variable in size, the lower ones are staThed^rat 
the upper (those coming off above tiiefirstflowOT of thei^) 
are sessile The flowers are much smaller than m Stitcn- 
wort, the petals are generally shorter 
generally only three to five, rarely as many as ten. The plant 

P, 3T. M, 
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is a polycarpic annual, flowering all tlio year round, in winter 
the flowers are often cleistogamio, sometimes without, petals, 
and in any case are liomogamous and self-pollinated in the 
absence of insect- 1 visitors (flies chiefly). 

453. The other Bnb epeoies of SfrJlnria are poroimmls. Lesser 
Stitohwort (S fj) avnnea), in dry fields and licdgoi own, lvncinhlim 
Greater Stitohwort m most reapeots, lnib has narrower leaves, sepala 
joined at bases, and perigynons stamenH; the oapmilo in egg shaped ; 
the flowers (May-Aug ) are rather smaller and not ho markedly pro- 
tandrous Bog 1 Stitohwort [8. idiqinom) also lion tho stain 4-angU*d 
and the sepals joined, but the oyme has very few ilowers (M ay-.Tuly), and 
these are small (J in. cliam ), with petals shorter than Hepals. Marsh 
Stitohwort {& palmti'%8) also has 4-angled stem, muted sepals, and 
egg-shaped oapaules, but petals longer than HupalH, while Water 
Stitohwort (S aquatica ) has broad leaves, floworH J in. oqiohh, and 
large (1 in long) ovoid oapsules sunouudod by tho fioo Bopalu, whioh 
enlarge after flowering, and differs from tlie other spooioH in having 
5 styles and 10 capsule-valves j those two spooies arc not ho common 
as the other three. 


454. Red Campion (Lychnis diurna) is very common in 
hedgerows and damp, shaded places It has a tliin branching 
rhizome, giving off erect (1 to 3 ft high) flowering Blioots, 
with stalked obovate “ladical” leaves (3 to 6 ins long) and 
narrower sessile upper leaves, tbe whole shoot is covered 
with soft hairs and the cylindrical stem lias swollen nodes. 
The flowers (May-Sept) are unisexual, and tho male and 
female plants are easily distinguished, as a rule, ovon before 
flowering The female plants ore usually more robust, with 
thicker stems and larger leaves. Tho flowers (about 2 ems 
across) have a hairy, i eddish, gamosepalous calyx, with flvo 
pointed teeth, corresponding tq five ridges on the long (.J in,) 
calyx-tube j in the female flower the calyx is more globular 
than m the male The five petals are free; oaoh has a narrow 
vertical stalk (claw) and a broad spreading, horizontal, deeply 
cleft blade, with a two-lobed scale at junction of stalk and 
blade The five claws, held together by tlio f.ubular calyx, 
form a deep flower-tube, so that only long-tongund insects 
(bees, butterflies) can reach tho honey, the live spreading 
blades serving as a platform, while tlio scales form a collar 
or "corona” and keep out small insects, besides lidping to 
arotect the honey and pollen. 
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The male flower lias ten stamens, five being longer than 
the alternate five (are the long ones opposite petals or calyx- 
teeth?). Sometimes the anthers contain, instead of pollen, 
a powdery brown or black mass—tbe spores of a smut- 
fungas, which aie earned from flower to flower, like pollen, 
by visiting insects There is often a rudiment of the pistil 
m the centre of the male flower. The female flower has an 
egg-shaped ovary with five long spreading styles, and some¬ 
times contains rudimentary stamens 

The capsule, neaily globular, opens by ten teeth, which 
curve outwards, leaving a wide opening, the short flower- 
stalk remains erect, and the censer mechanism is more 
efficient than m the Stellanas. 

455. The White or Evening Campion {L vesp&tma) resembles 
Red Campion in structure, but grows in dn or and moie exposed plaoes, 
often in fields as well as liodgeiows , its firs (May-Oot) are white 
and only open m the evening, when they are flagrant (those of Red 
Campion, whioli remain open all day, are scentless) and visited by 
moths 

Two other species of Lychnis are common ; both diffei from Red and 
White Campions m having piotandrous firs with both stamens and 
pistil. 

Ragged Robin (L flos-cuc'uh)^ perennial, m moist fields and beside 
stiearns, lias hairless shoots with lanceolate leaves, the blade of eaoh 
petal is divided into four narrow lobes, giving the drooping rosy firs 
(May, June) a oharaotenstio look ; the capsule is egg-shaped and opens 
by 5 teeth only 

The Com Cockle (L {plhago ), annual, is a beautiful and oommou 
oornfield woed ; stem 1 to 2 ft high, only Bliglitly blanched, the 
brandies and the long (2 to 5 ms ) lanceolate leaves are neaily oreot, 
making a small angle withjthe stem (why is this habit advantageous to 
a plant growing among tall oom v ); stem, leaveB, and oalyx covered 
with long hairs; firs. (June-Aug ) few, large (3-5 oms across), pale 
purple, scentless ; calyx-tube leatheiy, 3-4 oms long, ribbed, teeth 
large and projeotmg beyond oorolla , petals without soales and with 
blade only slightly notched or entire. 

456. The Campion Family (Caryophyllaceae) is easily 
recognised by the opposite (decussate) simple, generally 
entire, leaves, stem usually with swollen nodes, regular flowers 
m dichasia (biparous cymes, m which one side generally 
outgrows the other and branches more freely), ovary gene¬ 
rally with free central placenta bearing numerous ovules 
in double rows corresponding to the numbei of carpels 
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(indicated by number of styles), sometimes showing at. base 
traces of partitions 


I. Sepals free (or Blightly joined at bases), dower shallow, petals short 

(Alsineae) 


A Fruit an akene 

iSW ritai/hus. 

B Fruit a oapsule. 


1 Stipules present 


a. Styles 5, oapsule 5-valvod 

Kpvrijulu 

b Styles 3, oapsule 3-valvod 

tipurft tttiria. 

2 No stipules 


a Petals entire 


l Leaves free, stylos 3 . 

Art Httritt , 

n Leaves joined, styles 4 or A 

8hifuut. 

b Petals notohed. 


l. CapBule round or egg-shaped 

Sfrthmtt, 

u Capsule cylindrical . 

Ocranf mm. 

[. Sepals united, flower deep, petals olawed (Sileneae). 


A Styles 5 

LychniH, 

B StyleB 3 ... 

Hilrvr. 

C. Styles 2. 


1. Leaves very narrow ; braots below oalyx 

Diant hit*. 

2 Leaves broad , no braots , 

tirtpowmtt. 


457. Sderanthus annua (Xnawel), in heldH and waste planes, a 
frequent garden weed, is a small tufted plant with slender stems, 
opposite awl-shaped curved leaves (£-1 in long) with bnsoH joined louncl 
stem at nodes, firs (Juno-Sopt ) very small ((> mm. aorosH), green, 
star-like, solitary or m small oymos; sepals joined, with 4 or J> pointed 
lobes , no petals ; sta 5 to 1, rarely 10 ; stylos, 2 with small knob-liko 
stigmas , firs visited by flies, but largoly solf-pollinated ; fruit a small 
3-sided akene 

458. Spergula arven&ia (Spurrey), a hairy annual, inoornfloldH, etc. ; 
stems branched at base , leaves 1£ ins long, with grooved undnrmdo 
and small soaly stipules; firs. (June-Aug.) small, white; K d, 0 d, 
A 5 oi 10, G (5); oapsule globular, seeds numerous. 

459. Spernvlana has 2 common spooios 8 rubra (Sand Spturrey) 
m sandy and gravelly soil; stem much branched at base, lmuiahw 
prostrate and spreading, 4 to 12 ins. long; loaves J to £ in. fiat.; firs, 
(June-Sept) on short stalks, 0 mm. aoioss, rtmy, closing at about 
4pm; petals gen shorter than sepals , IC fi, 0 fi, A f> or 10, < i (3). 
Sea Spurrey (S manna), in salt marshes and on rookH near the Hoa, iH 
peienmal and has longer and more fieshy loaves, J-oylindnoal; no hairs; 
firs, larger, long-stalked; capsule larger (8 nun.), seeds winged. 
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460. Areneu'w, (Sandwort) lias several species, mostly local (some 
only on high hills), 3 being common • 

Three-nerved Sandwort (A tnnerma), in bcdgobanks, is a hairy 
diffusely-branched annual, bi anolicB 4 to 18 ins long , leaves stalked, 
ovate, pointed, \ to 1 in long, with 3 mam vemB, firs (May-July) 
white, (5 mm aoross, long-stalked, protogynous, petals shorter than 
sepals, capsule globular, slioiter than sepals, K 5, 0 5, A 10, 
G(3). 

Thyme-leaved Sandwort (A aevpylhfoha ), annual, ohiefly on wall- 
tops and in sandy fields, is similar m habit, but has shorter and 
moie rigid leaves, almost sessile, and smaller flrB. (June-Aug ), -gin 
aoross 

Sea Purslane (A peploidee), very common on sandy coasts, is 
perennial with a creeping llnzome givmg off erect branohes 4 to 12 ms 
long ; leaves dark gieen, l to £ m., fleshy, ovate, aoute, curved back, 
with leathery edges, m 4 legulor rows , firs (May-Aug ) m gioups of 
1 to 3, 6 mm across, polygamous , petals of J flr as long as sepals, of 
? flr shorter, neotar-nng 10-lobed ; A 10, long and short alternating , 
capsule gen. 3-valved, fleshy, globulai, with only 1 oi 2 large seeds , 
this is one of the few plants that oan survive bemg buned under 
slnftmg sand, its branches growing up to the surfaoe ogam 


461. Fearlwort {Saqma) lias 3 oommon species S procumhens , 
on paths, banks, wall-tops, etc , peiemnal, much branched, branohes 
1 to 9 ms , leaves £ to J in , narrow, blunt, firs solitary, parts gen 
in 4’s, petals very small, May-Sept, homogamous, self-pollinated 
S. apetcua,) in similar places, but also with a seaside vanety, is annual, 
with wiry ascending branohes, small leaves (2-6 mm.), small green 
firs (2 mm diam ) with no petals (or minute ones) S. nodosa 
(Knotted Pearlwort), in wet sandy plaoes, heaths, bogs, perennial; 
branohes 4 to 12 ins., curved, rooting at nodes , much the largest kind 
ofPeailwort; leaves awlshaped, i to £ in long, firs (July, Aug), 
single or in pairs, 6 mm across, petals and capsules muoh longei than 
sepals ; parts of flr in 5’s. 

462. Mouse-ear Chickrweed (Geraatium tmriale), a van able plant, 
very common, gen perennial and hairy, has firs like those of Chick- 
weed, but the oapHulo (twice as long as sepals) is oylmdncal and 
curved; the fir.-stalk, eieot at first, bonds down after flowering and 
rises again when the capBule is npe. There are several varieties of 
0 tninale, with different numbers of sepals, petals, and stamens, and 
so on, but C armiae is disld by having petals twice as long as sepals 
(it is a hairy perennial with narrow leaves, found ohiefly in dry hill 
pastimes), while C. tjuateniellum , m sandy and gravelly plaoes, is a 
small erect (2 to 6 ins.) wiry annual with nairow (J to 1 m long) 
loaves, quite han*losa, white firs. (May, June), on long Btitf stalks, 
K 4, 0 4, A 4, G- (4), petals entire (shorter than sepals), capsule 
8-tootiled, and is often put m a separate goiius {Moeuchia) m 
Floras. 
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463 [Gypaophila{ ct Chalk-plant, ’ “ Gauze-Flower ”), oultd annualfi 
With white or pink fhs which ore gamosepalous, blit have Hhort petal- 
claws so that the fir is shallow and visited by a gieater variety of 
insects than the other Sileneae ] 


464. Silene has several Brit species, the commonest being Bladder 
Campion (S tnjlata), perennial, 2 to 3 ft high j leaveB 1-3 ms. ovate 
or oblong, firs (June to Aug) numerous, 20 mm aoioss, white, 
drooping, protandrous, with a cylinchioal mteinocle (diso, honeyed) 
between K and C, K inflated , <? and $ flrB. oocul ns well as honn , 
firs largely visited by butterflies and moths 

Sea Campion (S , mautima), on sea-Bhores (oho sliingle-beaolicH), 
also on high lulls, is very similar, but has more fleshy leavos, fewot 
flrs (1 to 4) m each infl , petals not bo deeply notched and with larger 
scales (corona) at top of claw (2 soales to each potal) 

The other Brit species are not common, but many (including hovoi al 
tufted small-leaved Alpine kinds) are oultd (various spooioB of ‘ 1 Catch- 
fly ”), some having sticky hairs, some of the Silcnes aro beautiful 
examples of moth-pollinated fliB , and the ovary is often 3-collcd below 
the middle, the partitions being incomplete 

466. Dianthu* (Fig 129) is repd by a few But species, none very 
common and some not leally natives, but many (Pinks, Carnations, 

Sweet William, Picoteos) aro 
cultd ; they have nairow 
leaves, often with bluish 
bloom, very protandimiR 
flrs adapted to butterflies, 
with overlapping bioots at 
base of caly\, petal-blades 
often fringed, styles 2 (not 
diveigmg until the 10 sta 
have emerged and dehisced, 
5 at a time), oapsulo 4- 
toothed 

466. Saponcvria (Soap- 
wort, leaves forming a soapy 
lather with watei) lias broad 
spoon -sliapod loaves, but 
(apart fiom absence of braots 
below calyx) the flrs are like 

Fig. 12a —Longitudinal Section of Flower of those of Dmnthua ; several 

Clove Pink. speoieH are oultd , S offici¬ 

nal!* (perennial, with white 
„ . fleshy creeping iluzonie giv¬ 

ing off runnel r) oocurs apparently wild in But., chiefly by roadsides 
and often neai the sea 
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467. Flower Mechanisms in Caryophyllaceae.—There 
are two distinct types of flower structure in this f amil y 
In the lowei type (Alsineae) the flower is wide open, the 
sepals being free or (Knawel, Lesser and Bog Stitchworts) 
joined at the base only, and the petals sessile or haying 
only slioit stalks (claws) The flowers of Stellaria are 
moie 01 less pengynous The honey, secreted by a narrow 
ring, or by 5 or 10 glands, at the bases of the stamens, 
is accessible to short-tongued insects, though those with 
rather huge flowers (e g Greater Stitcliwort) are also visited 
by bees 

Knawel, Procumbent Peorlwort, and Chickweed (Stellaria 
media) are liomogainous and largely self-pollinated, Chick- 
weed having m winter cleistoganuc flowers. These, as well 
as the Sandworts and Spurreys, are visited by flies Sagma 
nodosa, Cerastium , Lesser Stitchwort, and the Spuireys (Spei - 
gula and Spergnlai ia) are more or less piotandrous but 
capable of final self-pollination, wlnle Greater Stitcliwort is 
almost completely protandrous with but little self-pollination. 
Ao enana tmnerma is exceptional in being protogynous, while 
A peploides is polygamous 

In the Sileneae the flower is made tubular (usually deep, 
but rather shallow m Oypsoplnla) by the gamosepalous calyx, 
the petal-claws and stamens partly filling the tube and 
making the honey (secreted on an “mternode ” of the 
receptacle between calyx and carolla) inaccessible to any but 
long-tongued insects (bees, butterflies, moths), small insects 
being further excluded by the “corona” of scales on the 
petals m Sile?ie and Lychnis (exc L githago). The Sileneae 
are generally very protandrous, the Eed and the White 
(Evenmg) Campions are dioicous, while Bladder Campion is 
polygamous 

In moBt cases butterflies are probably the chief visitors, 
but Evenmg Campion and several lands of Catchfly are 
moth-polknated, the flowers opening and becoming heavily 
scented only at night and having conspicuous white or pale 
corollas In Silene nutans the flower opens during three 
successive mghts, five stamens shedding their pollen on each 
of the first two nights and the styles piotruding on the third. 
In the night-flowering Catchflies the petals remain curved 
inwards during the daytime. 
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QUESTIONS ON CHAPTER XIX. 

1. Describe the typical inflorescence of caryopliyllooeae. In what 
other families does a similar inflorescence ooom, and how would you 
distinguish their flowers from those of Caryophyllaoeae ? 

2 Give an account of the vegetative organs of the Oaiyophylloceoe 
(exoludmg flowerB and fruits), noting any adaptations to special 
habitats 

3. Which members of the Caryophyllaoeae grow in (a) hedges, (&) 
woods, (c) oornfields, {d) seaside localities, (e) sandy soil away from 
the sea ? 

4 Write an account of the structure and mode of pollination of the 
flowers in the British Caryophyllaoeae. 

5. Describe the typical fruit of Caryophyllaoeae In what other 
family does a similar fruit ooour, and how is it distinguished from 
Caryophyllaoeae ? 



CHAPTER XX. 


THE PKIMROSE FAMILY 

468. In the Primrose (Primula vulgaris ) note the thick 
stem which grows m the soil bears crowded bases of former 
leaves, together with numerous roots, and stores up reserve 



Fig. 180 — 1 Vertioal Qeotlonfl of Sliort-Btyled. trad Long-Btylocl Flowers of Primrose. 


food, the pale green leaves, arranged in a rosette at the 
growing end of the stem, each being 3 to 6 inches long, 
obovate, toothed, wrinkled, with a broad midrib, veins very 
prominent on the lower side, which is hairy. 

The flowers (Figs. 130,131), each carried on a hany pinkish 
stalk, appear to arise singly from the stem, but close inspec¬ 
tion shows that they really form an umbel, since all the stalks 

303 
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are joined at the base to a short outgrowth from the stem. 
Note the bract on the flowei-stalk, the inflated and five- 
angled calyx with five nanow pointed lobeB, the corolla, 
consisting of a tube and a flat broad upper portion, the limb 
with five notched lobes The corolla-lobes are pale yellow, 
but lound the mouth of the tube theie is an oiange-colouied 
ring with thickened folds, this ling is sometimes represented 
by five patches (one to each lobe) darker m colour than the 
rest of the expanded Innb The limb serves as a platform on 
which the msect-visitors (chiefly bees) stand, and the orange 
ring acts as a honey-guide, enabling the insect to reach t.lie 
centre of the flower more quickly and certainly. 

Note the five stamens, which are, m some flowers, at the 
mouth of the tube, and can then be seen to stand opposite 
to the lobes, it is characteristic of 
the Pumrose family (Pnmulaceae) 
to have the stamens equal in number 
to the corolla-lobes and opposite to 
(not alternate with) the lobes Open 
up the corolla-tube of a flower of 
this kind (“thrum-eyed”) the fila¬ 
ments of the stamens are very shoit 
and are inserted near the mouth of 
the tube, while the stigma is about 
half-way up the tube Note the 
structui e of the ovary it is one- 
chambered, and the numerous ovules 
are attached to a rod (placenta), 
which projects from the floor of the 
chamber upwaids but does not leacli 
the roof, so that the ovary-wall may be removed leaving the 
ovules attached to the free central placenta. 

Now examine other flowers on (1) the same plant which 
bears the kind of flower just described, (2) other plants 
Do you find that (1) all the flowers on the first plant are 
“ thrum-eyed ” (short-styled), (2) some plants have a different 
type of flowei in which the stigma is at the mouth of the tube, 
while the stamens are inserted half-way upp—this is the 
“ pm-eyed ” or long-styled form The two kmds of flower ap¬ 
pear to be always on distinct plants, and the plant apparently 
produces flowei s of the same land year after year. So that 
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there are evidently two varieties of Primrose, differing only in 
the relative lengths of stamens and style , in the two types 
the positions of anthers and stigma are simply reversed In 
which case does self-pollination seem to be possible or likely 
to occur, and in which does it appear to be hindered ? 

Cover flowers of eaoh kmd with muslm, and find out w hether self- 
pollination does occur in either kind With the microscope examine 
the pollon-gramB and the stigma of each kind of flou er, noting that 
the higher anthers (2 e those of short-Btyled flower) produce laigei 
pollen-giams (about inch dianietei) than those of the long-styled 
flower (about inch diameter) j the long stjde is globular and 

rough with small projecting hairs, while the short style is lather flat- 
topped and smooth (with very short projections) Possibly the cbtiei- 
enoe m sizo of the pollen-giams may be due to the fact that the 
larger grams have to send a longer pollen-tube down the long sty le to 
reach the ovary Perhaps also the longer stigmatio hairs aie required 
to oatoli and hold the largei grams, which would tend to roll off the 
nearly smooth stigma of the short-styled flower 

The fiuit (capsule) of Primrose opens by five teeth (one 
opposite each sepal) at the top, each tooth being notched in 
the middle. Tins, together with the occasional production 
of “ monstrous 11 flowers in which the pistil is represented by- 
five leaves, affords evidence that the Primrose pistil is made 
up of five carpels. 


469- In the Cowslip (Primula, veins) the leaf-stalk is 
“winged” below the blade, not forming a bare midrib at 
the base of the blade as in Primrose The flowers are 
earned up on a general stalk or inflorescence-axis and are 
arranged in an umbel, each flower having a stalk of its own 
The corolla is smaller than m Primrose, the tube is shorter 
audits “throat” is dilated below the mouth, which is more 
funnel-shaped than in Primrose The orange-coloured honey- 
guides are very conspicuous, forming a patch opposite each 
of the five lobes. The flowers are heterostyled, as in the 

Primrose, 

4*0 Note on Pollination of Primrose and 

both of these plants honey is produced at the 
tube, and the flowers are visited largely, “ 
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flower to stigma of short-styled flower, and wee versa) yields better 
results (more seeds germinate and stronger seedlings are produoed) 
than “illegitimate” cross-pollination, while both kinds of oioss- 
pollmationjire better than self-pollination However, the mannei in 
which the "pollination of the Primrose actually occurs m nature has 
been for many years the subjeot of conflicting statements by various 
observers 

The following extraots from a paper by Professor Weiss [New 
Phytologist, 1903), based on observations made m Shropshire diumg 
the Eastei vacation of 1903, are given not merely because they ore ot 
interest, but in the hope that they may induce observers m various 
parts of the country to take up the subject. 

The chief insects seen visiting the flowers were speoies of short- 
tongued burrowing-bees ( Andrena), hive-bees {Apis), Binall humble- 
bees ( AntJiophora ), laige humble-bees [Bombus), and a fly called Bom- 
byhits (see Ait 349). ‘'Considering the legulanty of the visits of 
Bombylms and the relatively large numbei obseived in really hue 
weather, I have no doubt that this inseot is an aotive agent m the 
pollination of the Pnmiose It seems admirably adapted to obtain 
neotar fiom the depths of the tubular corolla with its long probosois, 
and it seemed at tins tune of year to confine its attention to the 
Primrose. Only on one ocoasion did I observe a Bonibylms sucking 
neotar from the Celandine, whioh is so largely visited by the bees . . . 

“ On five different occasions I have observed Bombus visiting Prim¬ 
roses, and generally in such a manner as to ensure the pollination of 
the flowers In two oases, however, I noticed the humble-bee not 
sucking at the flower, but moving all over the corolla, apparently 
endeavouring to obtam the honey by illegitimate means, just as 
Darwin observed them at tunes biting through the oorolla in the case 
of the Cowslip, of which they are regular visitors I ought to state 
dearly that Bombus was a more frequent visitor of other flowers than 
the Primrose, and was more oommonly seen on the Willow, the 
Dandelion, the Violet, and the Barren Strawberry A smaller humble- 
bee, however, Antliophora , though less plentiful in the district, was 
more often seen on the Primrose, to whioh it seemed to confine its 
attention Theie oan be no doubt that this mseot is both able to 
gather honey from the Primrose flower and also to efleot its polli¬ 
nation. 

“ The r honey-bee, Apis mellifica , appeared to be less hardy than the 
humble-bee or Bombylius , for it only gathered honey on warm days 
and was not obseived at aJI on several days when Bombylius, Bombus , 
and Antliophora were about The bees visited olnofly the Celandine, 
Barren Strawbeiry, Wood Anemone, Violet, and Dandelion Occasion¬ 
ally a stray one would visit a number of Primroses, but did not spend 
muoh time on eooli They were evidently endeavouring to obtain the 
nectar, winch however they were unable to reaoh They stayed a little 
longei on the shoi t-Btyled flowers, from which they collected a little 
pollen They weie obviously not the regular visitors of the flowers, 
although they could no doubt bung about cross-fertilisation of the long- 
styled forniB. Tins would also be effected by the visits of Aiidrtnu 
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(fwynana, but tins insect must be placed in a different category from 
the bee, for it is a regular and busy visitor of the PnmroBe and more 
often seen by me on its flowei s than on those of other plants. It was 
only observed towards the close of my visit when the weather was 
much milder, but then it was piesent in considerable numbers It 
gathered the pollen gieedily and in getting at it poked its head deep 
into the mouth of the corolla 

“From the instances given above, therefore, there is no doubt m my 
mind that Primroses are efficiently cross-pollinated in the district 
under observation by Bombyhus , Anthvphora, and Andrem, with the 
addition of occasional though by no means isolated visits of Bombus 

“ That self-pollination may ooour fan Ly often in the Primrose oannot 
be denied, and, indeed, Darwin observed the frequent occurrence m 
both Cowslip and Primrose of Tlmps, which he considered aided the 
self-fertilisation of both forms In many Primroses which I examined 
numbers of Tlinps were present, and in these flowers it was very 
oommon to find pollen-grams scattered throughout the tube of the 
oorolla and it seemed likely that it had been earned about there by 
these small mseots Another agency for self-pollination is no doubt 
the wind, token m conjunction with alterations in the position of the 
flower 

“In the absenoe of orosB-pollination, which must frequently fail m 
flowering plants in early spring, the stiong winds of that season are 
probably of considerable use In the PumroBe the flowers open at 
first m a vertical position, and if the flowei is short-styled the pollen 
from the opening anthers oan readily be shaken by the wind on to the 
lower-standing stigma But towards the end of flowei ing the flower- 
stalk has grown oonsideiably m length and the flower passes into a 
horizontal and often a pendant position, so that the long-styled forms 
have a chance of self-pollination too when the dowel’s are agitated by 
the wind 

“ It may be thought that this movement is mainly for the concealment 
of the fruits, whioh in the Primrose are ripened beneath the foliage, but 
though this may be to a certain extent tne case, I cannot but believe 
that the self-pollmation is also a determining factor in this movement 
For m the Cowslip the very opposite occurs The flowers, at first 
pendant, offer greater futilities as far as self-pollination is concerned to 
the long-stylea forms, but later on the flowers become ereot and thus 
m the absence of oross-pollmation the short-styled forms will have 
ample opportunity to be self-pollinated 

“From the observations I have made on the Primrose I feel con¬ 
vinced that it is both regularly visited and oroBs-pollinated by uiBeots 
imder favourable olimatio conditions, but that like most flowers adapted 
to the viBits of mseots it ib provided with efficient means for self-pol¬ 
lination, and these are mipoitant to a plant flowering at so early a 
period of the year, when the visits of mseots may be preoanous ” 

Watch insects visiting the flowers of Primrose and Oowslip 
m the former case the flat top of the erect corolla serves as a 
platform, in the latter the insect enters the drooping flower 
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from below Why is tlie top of tlie corolla narrow and cup- 
like in Cowslip, instead of being broad and flat as m Primrose ? 

Why do Primroses usually grow m woods 01 on slopes and 
banks, while Cowslips grow mostly m open and level meadows, 
often among long grasses ? Does the possession of a long 
flowering-axis m Cowslip, carrying up the flowers in a tuft, 
as compared with the arrangement m Primrose, seem to be 
connected with the different situations m which the two plants 
grow ? 


471. Theie are 3 other species of Primula in Brit Oxllp IP 
elalior ), found chiefly in E England, differs from Primrose m having 
firs in an umbel, soentless, Kless inflated, fli -stalk shorter, capsule 
longer than K-tube (in Primrose it is lust the same length) In those 
respeots it resembles hybrids between Pi imrose and Cowslip, but differs 
m having the K more downy, the firs paler, and no folds at mouth 
of C. The Cowslip differs from Oxlip in having shortei fir -stalks, 
scented firs , K-teeth blunt, C more oup-liko, capsule much shorter 
than K-tube P fannoaa (Mealy or Bird’s-eye Primrose), m bogs 
and hill-pastures in N England and S Scotland, has a rosette of short 
(1£ to 2 ms ) obovate leaves, smooth above, but with mealy white or 
yellow hair covering below, firs (June to Aug ) in a crowded erect 
umbel (stalk 2 to 8 ins ), C-lobes lilao with yellow mouth, flat (A to 
i in. across), oapsule twice as long as K. P acotica , m N. Scotland, is 
bke P fannosa, but has K shorter in pioportion to O and capsule 
shorter in proportion to K 

[Many Bpecies of Primula are oultd ; the Polyanthuses are varieties 
of PnmroBe with flrs in an umbel, with mouth or edge of ooiolla-diso, 
or both, showing vanegated colours , Chinese Primrose, with simple 
palmate leaves, Japanese Primrose, m which the axis grows out 
from oontre of umbel and produoes several umbles or ouoles of flrs one 
above another , Auriculas, with smooth fleshy leaves.] 


472. The Primrose Family ( Pnmulaceae ) is easily recog¬ 
nised by the legular floweis with stamens opposite to the 
corolla-lobes and the one-chambered ovary with free central 
placenta. 


I Ovaiy free (superior); capsule opening by teeth. 
A Leaves all “radical ” 

1 Coiolla bell-shaped 

2 Corolla divided into tube and disc 

{a) Corolla-tube narrow, funnel-shaped 
(&) Coiolla-tube inflated at middle 
(c) Corolla-lobes bent baok 


[ So/da m lki\. 

Primula 
[. Androaace ] f 
[ [Cyclamen ] 



THE PRIMROSE FAMILY 


399 


B Loaves can ied on aei lal slioots 
1 Corolla yellow 
*2 Coiolla wlnt© 

0 SubmeLged water-plant 

II Ovary free (superior); oapsule openin'? bv a lid 
A. K and C 5-lobed 

B IC and 0 4-lobed 

III Ovary sunk in leeeptaole (semi-mfenoi) 


Lyaimathia 
Tt lentahs. 
Hottoma 


Anayalhe. 

Centunculua. 

Satnohia 


Soldanella and Andioaace are tufted Alpine plants, gen with small 
fleshy or haily leaves, as ate also several speoies of Pnmula , thev aie 
otton oultd in rookeries The other 8 genera named are repd m Bnt , 
but Cyclamen (often oultd ) is not really native, while CentuncuUts 
(Bastard Pimpernel) and Tnentah* (Chickweed Wmtergreen) are rai e 
plants Exoept m AtvzgcUha and CetUunculua the capsule opens by 


473. Lqamaelua has 3 oommon Bnt species Yellow Loosestrife 
(L vulgaris), beside streams, has a creeping rhizome giving off runners 
below gLomid, stoms 2 to 4ft high, hairy, leaves opp , sessile, withblaek 
glands, 2 to 4 ms long, ovate, firs (July, Aug.) m clustered cymes, 
dimorphic , C cup-shaped, J to 1 m across, yellow with orange dots 
msido Yellow Pimpernel (L nemornm) and Creeping* Jenny or 
Money wort [L nu?rwiulaj la) have the firs solitary in axils of leaves, 
and both aie prostrate creeping hairless plants ; the former has pointed 
loaves, very long fir -stalks, stai-hke (rotate) corolla, with spreading 
pointed lobes, firs. (May-July) 12-20 ram across , the latter (a doubtful 
native, apparently not setting Heed in Brit), m moister places, has 
rounded leaveB, firs. (June-Aug ) larger, 0 cup-shaped, and sfca joined 
at base 


474. Qlaux (" Sea Milkwort ”), on sea-shore, a Bmall plant with 
oreopmg lluzome giving off prostrate or erect shoots with crowded 
deousBatc small fleshy leaves {1 to 2 oiub long), firs. (June, July) small 
(5 mm aoross), m leaf axils, with white or pink cup-lifee 5-lobed calyx, 
but no oorolla , sta 5, alt. with K-lobes 

475 Hottonia (“ Water Violet "), in pools, with creeping and float¬ 
ing or rooting stems, much-divided submerged leaves , flowering stems 
(1 to 2 ft) oieat, above surface, bearing whorls of stalked firs, (May, 
June) with lilao oorolla (2oms. across) yellow at mouth ; after flowering 
llio stalks ouvve downwards 

476. Scarlet Pimpernel ( Anagalha ctrvensie), a very common 
annual in fields, eta , has sessile decussate ovate leaves, stem 4-angled ; 
firs. (May-Oct) solitary in leaf-axils, on stalks 1 to 2 urn, which curve 
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down in frnit, corolla short-tubed and star-like, 5-lobed ; sta 5 on base 
of O-tube Bog 1 Pimpernel (A tenella) is perennial, raoie fleshy, 
smaller, flr. (June-Aug ) has rosy funnel-shaped corolla with dark 
veins, filaments of sta joined at base, leaves smallei (3-6 mm ) and 
more rounded 


477. SamoUis (Brookweed), in wet plaoes, esp near sea and chiefly 
on S and W. coasts, has alt obovate leaves, gen with a “radical” losette, 
stem 1 to 2 ft, ereot, plant dies down in autumn, but young shoots 
formed in summer become rooted and replace patent plant j firs (June- 
Sept.) in terminal, J to 1 m lone, ereot raoemes, fli -stalk with a 
oarned-up bract at the middle; flr 3 mm aoioss, white, K and C 
6-lobed; A 5 with short filaments, alternating with 5 scales (sfcami- 
nodes) which represent the outer whorl of sta missing m most 
Pnmulaoeae ; ovary semi-inferior, capsule 5-valved above the adherent 
“ oalyx-tube ” (receptacle). 


478. [ Cyclamen , oultd., has a large staroh-oontaimng oorm (bitter, 
but eaten by pigs m S Europe, whence the plant’s name “Sowbread ”); 
leaves xadioal, broad, Btalked, flr on long ereot stalk, ourved down at 
top , 0 with short tube, thickened mouth, and 5 reflexed lobes \ A 5, 
short, on base of G-tube, after flowering the stalk gen. beoomes 
coiled, drawing the fruit down to the soil, or bending over and foicrng 
fruit into soil.] 

479. Flower HCeohanisms in Frimnlaceae.—The polli- 
- nation of Primrose and Cowslip has been dealt with The 

flowers are usually homogamous and honeyed, but m Trial - 
tails they are protogynous and houeyless. Hetero styled 
dimorphic flowers occur in many species of Primula (though 
in P scotica and various gaideu Auriculas, etc , stamens and 
style are of same length), also m Hottonia, Andros ace, Yellow 
Loosestrife (Lysimachm vulgar*!#), and Glam (which also 
has cleistogamic flowers) In many cases, especially when 
the flower-tube is shallow or open, the flowers droop so that 
pollen and honey are protected The flowers of Scarlet 
Pimpernel open on bright days, usually from about 9 to 3, 
closing at night and in bad weather, if not cross-pollinated 
(by flies, etc ) during the worm hours of the day, the flower 
is self-pollinated at evening when it closes and the stigma is 
rubbed against the stamens (the anthers open inwards in 
Primulaceae) The long-tubed forms are largely visited by 
bees and butterflies, the honey is secreted by a ling round 
the base of the ovary. 
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QUESTIONS ON CHAPTER XX. 

1 Dniw up a comparison between Prion ose and Cowslip as to 
habitat, leaf, mlloresoeiioe, and flower 

2 Desciibe the stincture of a Primrose flowei, pomtmg out the 
dilfeienocs between the two types of flower. 

3 Describe and disouss the pollination of the Pi inn ose. Do you 
consider heteiostyly plays an impoitant part in piomotmg oioss- 
polhnation ? Ci ve reasons for your answer, 

4 Describe the pollination of the Cowslip, and point out how it 
difloiB fiom the Punirose 

5 Dosonbe the fruit of Pumiose and Cowslip. 

0 Duiw the floial diagiam of a Pi inn ose, and sketoli in longitudinal 
seotion the two forms of the flower How do you account foi the 
unusual position of the stamens in ielation to the lobes of the corolla ? 
How do you infer the number of the carpels 9 

7 Write notes on points of interest piesented by Red Pimpernel, 
Sea Milkwoit, Brookweed, Cyolamen 


B F. M. 
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CHAPTER XXI. 


THE DEAD-NETTLE FAMILY 

480. White Dead-nettle (Lamium album ) is common on 
roadsides, especially near houses, farms, and refuse heaps. It 
is a rather hairy plant, with a perennial creeping rhizome, 
which gives off (1) branches which grow horizontally in the 
soil, (2) branches which soon turn upwards and come above 
ground 

The stems are square and hollow , the leaves arise from the 
flat sides of the stem in crossed pairs, those on the under¬ 
ground parts being small white Beales. The aenal shoots are 
rooted and branched at the base, and then grow erect (6 to 
18 inches high). The leaves are all stalked and heart-shaped, 
the lower ones having longer stalks and broader blades than 
the upper ones (why is this advantageous to a plant whoso 
leaves are m supeiposed rows ?). 

The flowers, produced all the year round, but especially in 
summer, are m ring-like clusters round the stem just above a 
pair of leaves, on the upper part of the shoot. 

Examine several clusters and note that each consists of two 
groups of flowers, one group in the axil of each leaf; also that 
the central flower of each group is 
the oldest (the first to open), the 
next oldest being at either side of 
it, and so on. Each group is a bi- 
parous cyme which becomes umparous 
after the first branching. This is 
obscured by the fact that the flowers 
are practically sessile, but it can lie 
made out in Labiates whose flowers 
have distinct stalks, e.g. Calamint, 
Black Horehound. Eig. 132 is a diagram of a cyrue (half- 
duster) , the main axis (1) ends in a flower and gives rise to 
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Fig. 132,—Diagram Indicating 
the relation of Flowers In 
half of a oluater ( ,f Verticil- 
lflflter”). 
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two lateral axes (2), eaeli of winch ends in a flower and then 
gives rise to a single axis (3), and so on How many floweis 
are there m each “ring” (2 cymes) ? How do the upper 
“ rings ” differ from the lower ones as to nuinbei of 
flowers P 

In a flower (Fig 133) note the almost regular calyx and 
the very irregular (zygomorphic) corolla The f unn el-shajped 
calyx-tube has 5 nearly equal teeth, narrow and tapering, 
longei than the tube itself; it persists around the fruit The 



corolla-tube is curved, its lowest part is cylindrical, but 
higher up it is dilated and also flattened from side to side, 
while its mouth has an arched upper lip, two side-lobes, and 
a notched lower lip which spreads out. It is obvious that one 
of the calyx-teeth (sepals) ib at the top or back of the flower, 
and since the 5 petals alternate with the 5 sepals, the lower 
corolla-lip represents a single petal, while the upper kp, 
though not divided, represents the two upper petals (some 
Labiates bIiow this clearly). 

The foui’ stamens have long filaments attached to the 
corolla-tube, while the anthers he under the hood-like upper 
lip. The two lower (anterior) stamens cross the upper pair, 
so that their anthers he behind and above them. Note the 
hairy anthers, each with two lobes which, instead of lying side 
by side, are separated (owing to growth of the connective) 
and lie in a straight line one above the other Note the long 
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style ‘winch runs up the back of the corolla-tube and is divided 
at the top into two fine stigmatic lobes. 

Pull oik (1) the eoiolla of a flower, (2) a whole flower, and 
carefully slit open the corolla-tube Note the ling of hairs 



Fig 184 —Sootional Election of FJower of Will to Deiul-nuttlo. 


near the bottom of the corolla tube ; the constriction of the 
tube just below this ring, the four-lobed ovary with flat 
upper surface, the style arising from between the four lobes, 
which aie separated from each other by deep grooves; the 
ring-like nectary around the base of the ovary, better de¬ 
veloped on the lower than on the upper side (Fig. 134). The 
ovary consists of two carpels, upper and lower, but early in 
its development the ovary divides into four parts, each nearly 
independent of the rest, each chamber contains a single 
ovule. 

The upper lip of the eoiolla forms a protecting hood (why 
is this necessary ?), the lower lip a platform for the humble- 
bees which are the chief visitors to White Dead-nettle flowers. 
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Tlie ring of hairs inside the corolla-tube above the ovary stop* 
small insects fiom crawling down to the nectary, beside* 
keeping ram from trickling down 
and spoihng the honey. The flower 
is homogamous, and capable of self- 
pollination, but the forked style-tip 
hangs down and touches the bee s 
back before the anthers do, so that 
cross-pollination must occur regu¬ 
larly. 

The corolla (with the epipetalous 
stamens) and the Btyle fall off very 
soon after pollination has taken 
place, and the four ovary-chambers 
grow into smooth black akenes 
(“nutlets ”) with hard coats, each 
nutlet is three-sided and flat- 
topped As they ripen they become 
loose and fall out of the persistent 
calyx-tube, or are shaken out by wind. 

481. Red Dead-nettle (Lamium purpuv&itm) is far more 
abundant and widely distributed than the White, often occur¬ 
ring in extensive patches m cultivated soil (fields, gardens) as 
well aB on waste ground. It is a smallei’ plant and is annual, 
flowering throughout the year (chiefly fiom Apul to October), 
and may pass through several generations m a smgle year 
Its leaves are bioader m piopoition to their length, with a 
more heart-shaped blade, and are more crowded towards the 
top of the stem The upper leaves are often densely covered 
with silky hairs, and have a purplish-red colour 

In open places the plant is branched at the base, giving it 
a spreading habit, rarely over 6 inches high, and the whole 
plant (stem, leaves, flowers) is deeply coloured. When grow¬ 
ing among rank and crowded vegetation the plant is less 
branched and taller, with dull-green leaves and stems In 
hedgerows the plant is “ drawn ** up to a height of 18 inches 
or more (why ?), the stem having long mternodes, and having 
nearly all the leaves at the top. 

The flowers are smaller than those of L album , but similar 
in structure. The corolla is about \ inch long, so that 


9 



Fig 135 — Floral Diagram uf 
Lfibiatao, 
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short-tongued bees, and even flies, can reach the honey and 
effect cioas-pollination, the tube is not constricted below the 
nng of hairs, which is often poorly developed, and the throat 
of file tube is very wide from back to front. 


482. Two other Brit speoies of Dead-nettle are fairly common, L 
galeobdolon (Yellow Archangel), perennial, m woods and shaded 
hedgerows, apait from being a shade-loving plant and having yellow 
flowers (April-June), resembles L album m habit and structure Its 
leaves are relatively longer and nanower, the calyx lias short teeth, 
the lower lip of the corolla has red or brown spots (makmg the flr more 
conspicuous to bees), and the anthers are hairless [Spotted Dead- 
nettle, L maculatum , a garden-escape, is probably a cultd. variety of 
L. album , with a bioad white streak down the middle of the leaf, with 
white spots gen at eaoh side of it, and pale-purple firs.] 

Ken-bit Dead-nettle ( L. amphxicaule), annual, in waste places 
and cultd. fields, is hke L purpurenm in general habit, but its leaves 
are gen distinctly lobed, and the upper ones are stalkless and olasp the 
stem , it rarely grows in such orowded patohes, and flowers fi eely from 
April to Oot, the pale-rose firs varying in size , in spring and autumn 
small firs are produced wlnoh have a small imperfect corolla and do 
not open but are Belf-pollinated (oleistogamio firs.), the ordinary firs, 
being pollinated by bees. 


483. The Dead-nettle Family ( Ldbiatae ) is one of the 

moBt easily recognised, all tlie Labiates having square stems, 
simple decussate leaves without stipules, corolla generally 
two-lipped with no clear indication of the separate petals, 
stamens generally in two pairs owing to suppression of the 
upper one (sometimes only two stamens present), ovary of 
2 carpels, but with four one-seeded chambers By the ovary 
and fruit (four akenes) Labiates are distinguished from those 
plants of the Foxglove Family which have square stems, 
decussate leaves, and bilabiate flowers with two pairs of 
stamens By the decussate leaves, bilabiate cordlla, and the 
.presence of four stamens Labiates are distinguished from the 
Borage Family, in which the ovary and fruit are similar in 
structure 

I. Ovaiy chambers separate to the very base 
A Stamens 2, with long connectives Salma 

B Stamens 4, the upper pair longer Nepeta 

C. Stamens 4, the lower pair longer 
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1. Stamens spread out and projeot from C-tube. 

(a) Corolla regular or neaily so 

(l) Flower with 4 perfeot stamens Mentha. 

(n) Flowei with 2 perfeot stamens Lycopm. 

(b) Corolla 2-lipped 

(l) Plant tall, oreot, K 5-toothed Origanum. 

(n) Plant low, creeping ; K 2-lipped Thymus. 

2. Stamens (4) oome together below upper O-lip, 

K-tube with 13 ribs 

(a) C-tube straight, upper lip flat Calamintha. 

(b) C-tube ourved, uppei lip concave . [. Melissa ,] 

3. Stamens (4) parallel or nearly so ; K-tube with 

5 or 10 ribs or veins 

(a) K inflated, flower large . Mdittis 

(b) K tubular, O-tube short . Mamibium. 

(c) K 2-lipped, dosing over fruit. 

(i) Upper K-lip flat, filaments forkod . Prunella 
(n) Upper K-lip pouched ; filaments simple Scutellaria. 

( d ) K 5-toothed, funnel-shaped, teeth generally spreading 
(i) Anthers hairy (exo. Yellow Archangel) 

(a) Nutlets with flat top ... Lamium. 

(j£J) Nutlets with round top Qaleopsis, 

(n) Antheis not hauy. 

(a) K-teeth broad and blunt . Ballota. 

[(B) K-teeth narrow and sharp . Stachya. 

II Ovary chambers joined at least halfway up 
A Upper C-lip entire or Blightly notched Ajuga. 

B. Upper G-lip deeply oloft . Teucrium 

484. Wild Sage or Clary {Salma v&) benaca), fairly oommon m 
dry fields and waste places, 1 to 2 ft high, with woody rhizome, 
oblong wunkled leaves (2 to 4 ms.), firs, blue-purple (Juno-Sept ) in 
oyineB of 3 on a long “ spike.” See Ait 500 for meohanism of fir. 

5 pratcim*, very rare, has large herm firs and smallei $ firs [S 
officinalis and other species are often cult. So is the allied Monwrda 
(“ Oswego Tea”) whioli has bright-red firs.(long-tubed) and bracts and 
calyx coloured.] 

485. Ground Ivy [tfepeta), in hedgerows, etc , has perennial stems 

6 to 18 ms. long, looting at the nodes and giving off meet flowering 
shoots about 0 ms high, loavoB kidnoy-Bhapod, orenate, all stalked; 
cymes with 1 to 3 firs (Maroh-Jimo), K-teeth short, reourved j C 
blue-purple with purple and white spots, upper lip straight and 
notolied j smaller ? firs, occur besides the larger herm. firs., gen, on 
separate plants, 
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486. [Ocimum laailicum , Sweet Basil, and other species of 0 aie 
oultd as pot-herbs, Coleus is oultd in gieenlionses foi its brilliantly 
ooloured and vanegated leaves, the finest kinds being vaneties and 
hybnds obtained by artificial oross-pollination; in both genera the 
sta. lie on the flat lower C-lip ] 

487. The commonest Brit species of Mentha is Water Mint [M 
aquatica ), 1 to 5 ft high, in wet places, gen covered with soft hairs ; 
creeping rhizome giving off numerous runners (“ suokers 51 ), leaves 
stalked, ovate or oordate, senate; firs (July-Sopt) small, pale lilac, 
m dense olusterB ; C-tube short, mouth with 4 neaily equal lobes and 
with hairs which protect the honey; A 4, equal, spioadnig, anthers 
hairless with parallel lobes Corn Mint (M a ? rcfi-aia), m oultd fields 
and waste places, has firs, very hairy without and within, of 2 kinds 
(larger herm., small (?) Pennyroyal {M pvlegmm) has very small 
leaves with almost even edges , Peppermint [M pipcnfu), not very 
common, probably a form of Water Mint, has few or no hairs. Horse 
Mint (M aylveatris) and Round-leaved Mint [M rotundifolia ), both 
rather rare, are very hairy plants with sessile leaves; Spear Mint 
{M mridia ), the kind ohiefiy grown in gardens, is like these, but hairless 
or nearly bo 

488. Lycopus (Gipsywort), bke the Mints, grows in wot plaoes, 
esp by streams, 1 to 3 ft high, gen hairless , leaves oblong, toothed 
or pinnate-lobed; firs (June-Sept) small, oiowded ; K and C with 
4 oi 5 equal teeth, C bluish white with purple dots, hany inside; 
2 lower sta long with anther-lobes parallel, 2 upper antheiless , 
stigmas flout 

489. Wild Marjoram ( Origanum ) m diy fields and oopsos, esp on 
limestone, has a short lhizome , shoots 1-3 ft , leaves £ to 1 m , ovate, 
hairy below; firs (July-Sept) small, purple, each with a green or 
purple bract £ m long (as long as K) below it, largei ill's henn., 
protandrous, with 4 long sta (lower pair piojootmg beyond C) ; smaller 
firs J j paler, opening before the others. 

490 Thyme ( Thymus) abundant on diw slopes and on hills, is a 
small wiry much-branohedplant with woocly rhizome, small (3-0 nun.) 
ovate entire leaves, firs (June-Sept.) purple or white, in small 
cymes (gen 3) ; K purplish; A 4, gen projecting beyond 0; some 
firs herm , others J, others ?, on Hame or different plants 

491. Qalammtha has 3 Brit, specios, none very common, in dry 
and rooky plaoes; Hedge Calamint (G Clinopodium) is tho com¬ 
monest and has red-purple firs. (July-Sopt.), the Oalanmits uro nil 
covered with soft hairs, and the calyx has 13 ribs , tho ay high are gen. 
loose, the firs being stalked (esp m 0. officinalis ), the sta. (upper pair 
sometimes antherless) gen Lave the author-lobes sepal ated by a broiul 
connective (transition from ordinary Labiate sta. to the 1“-shaped sta. 
of Salvia) 
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492. Balm (Melissa), found as a garden-escape, is allied to Calammt; 
Uie sta. do not project from flr , but be under the concave upper C-bp ; 
O 4 m long, white Bastard Balm (Mehttis), in woods and hedge- 
rnwB in W and S England and Wales, has large while firs (ilay- 
July), solitary or 2 or 3 m leaf-axils, K wide open, C 1 to 1J ms. 
oream-wlute with pink or purple spotB White Horehound ( Jlarru- 
Inum), native only on the S ooast of England, in waste places , 1 to 
2 ft high, with short rhizome , leaveB leathery, wrinkled, woolly, 
stalked, firs (July-Nov } m dense cymes, small, K with 10 short 
spiny hooked teeth ; C £ in , white 
Black Horehound (BaJlota) also has downy wrinkled leaves, but 
its Ihs (July-Aug ) have the K-teeth (5) spread mg and the C red- 
piuple, and the plant has a disagieeable smell 


493. Self-heal (Prunella), common in damp meadows, is a hairy 
plant with creeping lhizome , stems 3 to 12 ins high , leaves stalked 1 
to 2 ms long, ovate or oblong, uppermost ones (below the short com¬ 
pact “spike” of mfis ) sessile, pairs of oymes dose together, each 
gon. with 3 short-stalked firs m axils of broad leaves with purple edges ; 
firs (June-Sopt) gen rich purple, C-tnbe with a basal ring of hairs 
inside, upper lip ooncave, lower lip 3-lobed , each sta is forked at top, 
lower fork bearing an anther, upper fork bare, small $ firs occm 
besides the huger lierm flis , calyx doses over fruit and is directed 
upwards when the air is dry, but opens and stands horizontal in moist 
ah, the seeds being dispeised in wet weather 


494. Bugle (Aj ufla reptana) is rather like Self-heal m general habit 
and m habitat, but its firs (April-July) are blue-purple in longer 
“ spikes ” (3 to ft ins.), the K does not olose over the fruit, the C has a 
nay short upper bp (how, then, is the flr protected against rain*), 
beyond which the 4 sta project (filaments not forked) 


495 The 2 Skullcaps (Greater, Scutellaria galericulata , and Lesser, 
.S' minor) grow in moist places , the lesser oftenon heaths; the Grater 
Kkulloap, (i to 18 ms high, has long ovate leavesi(l to 2J ms.), ftrs (Joly- 
H ,,,,!,) amglo or in pairs, 0 blue, 15 nun long, with curved tnbe 
anti short lips, sta and style below nppei lip; S. minor is asmaller 
plant (4 to 0 ins ), more slender, morebranohed, leaves J to 1 m long, 
firs. 8 nnn long, pale hlao. 

496 Hemp-nettle (Galcopm) boa 3 species in But., in cornfields 
and waste plaoos ; Q telnihU, the commonest, 1 to 3 ft higlp has a 
Iiivl»u rtwollinc on the atom below each pair of leaves ; when the stem is 

Xulown B hy mm or wind these swellings curve so as to bnngthe 

S5$UB.W 



410 


THE DEAD-NETTLE FAMILY. 


49!7. Stachya has 4 oommon Brit speoies, Wood Betony (& 
hetonica) has its cymes of bright red firs (June-Sept ) m a short head 
(1 to 3 ms long) at top of stem, but the otheis have the firs, m long 
“spikes”; S sylvatica (Hedge Woundwort), 1 to 3 ft high, stem 
Bolid and slendei, leaves 2 to 3 ms with long stalks, firs (Juno-Sopt.) 
purple red, lower C-hp with white spots; Marsh Woundwort 
(S palustria) in wet plaoes, ib smaller, with stout hollow stems, less 
hairy, leaves much narrower, firs palei , Field Woundwort [S 
arvenais), in oultd fields and waste plaoes, is annual, branolied at 
base, with small (£ to 1 in ) leaves, U = K in length (8 mm ) and 
is pink. 

498. Wood Sage (Teucnum 8 go 7 odonia), very oommon in dry and 
stony plaoes, with creeping woody rhizome giving off numerous 
“ suckers” , stems 8 ins to 2 ft high, much branched, leaves Btalked, 
ovate, greyish, wrinkled, 1 to 1J ms long, pairs gen spaced out on 
stems, firs. (July-Oot) in racemes 3 to 6 ins long (1 fir in axil of 
each leaf in upper part of stem), firs short-stalked, all facing one side 
(towards the strongest light), K-tubo bulged at base, upper tooth 
larger than the 4 lower ; C pale yellow (straw-coloured), tube short, 2 
upper lobes very small, 2 side lobes larger, lower lobe largest, rounded 
and concave, sta and style projeot from fir. between upper 0-lobes, 
anthers purple. 


499. [Lavender (Lavendida vei cl) oultd. for its perfume, is shrubby, 
2 or 3 ft lugb, with narrow leaves rolled back at edges, fire small, 
greyish blue, m “spikes” of cymes; sta 4. Rosemary {fiosmai'miis), 
also shrubby with rolled leaves (stomates in hairy grooves on under- 
Bide); firs with purplish K, pale blue 2-lipped 0, 2 sta.] 


500. Flower Mechanisms in Labiatae. —In most 
Labiates the flower is protandrous, and m many cases the 
stamens move outwards or downwards (well seen m Wood 
Sage) after the anthers have opened, when the style moves 
into their place and the stigmas spread apart to receive 
pollen When the flower is homogamous, the style projects 
below the anthers so as to be touched first hy the visiting 
insect In the short-tnbed flowers of Mmt , Ghpsywort, 
Thyme, and Marjoram, with more or less regular coiolla and 
spreading stamens, all sorts of insects crawl over the flowers 
and touch the anthers and stigmas with any part of their 
bodies 

Most British Labiates, however, ore definitely “bee- 
flowers ” and have a conspicuous lower corolla-lip to attract 
insects and to act as a landing-place, and usually an arched 
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upper-lip to shelter the stamens and style, which are gener¬ 
ally placed so as to touch the bee’s back as it enters the 
flower. 

In Sage (Salma) the two stamens (the other pair is repre¬ 
sented by small stammodes) have a peculiar structure , they 
are T-shaped, the filament being short and jointed to the 
long connective. In the lower types of Salvia each end of 
the connective bears a half-anther, but m the higher types 
(e g. G-arden Sage, which should be examined) the lower end 
of the connective is barren and flattened and the outer 
(upper) part of the connective is longer than the inner (lower 
part), the whole forming a delicate lever. A bee on entering 



-6 m. 


Fig 180. 


I, Flowoi of Sago from aide, II, With Humble-beo extracting Nectar, and the 
Authors nibbing against Ills back, III, Single Stamen. 


the flower (Fig 136) pushes against the united lower ends of 
the two connectives, in poking for the honey, and causes the 
curved connectives to swing on the filaments as on hinges, 
so that the two fertile anther-lobes (a) come down and strike 
the bee’s back, dusting it with pollen As the bee retires, the 
stamens return to their former place under the corolla-hood 
In an older flower the style bends down and the stigma is 
touched first by a bee entering the flower. 

[The long-tubed red flowers of Monarda are largely visited 
by butterflies, and some tropical species of Salvia aie 
pollinated by humming-birds ] 

Gross-pollination is promoted by the occurrence, often on 
different plants, of pistillate flowers besides the ordinary 
flowers, as in Thyme, Ground Ivy, Corn Mint, Self-heal. 
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QUESTIONS ON CHATTER. XXI. 

1 Descnbe the typical inflorescence of Labiates, as « t » ( 
nettles 

2 In what places would you expect to find Win to Duiut- 
Dead-nettle, Yellow Dead-nettle, Thyme, Bugle? 

3 Point out as many differences as you can between W 1 i i 
Dead-nettles 

4 Draw a floral diagram of the Dead-nettle flower 1 >c »■ 
consist of one or of more petals 9 Give leosons for yum* ili i 

5 Desoiibe the pollination of Dead-nettle or of any c*t J 
flower you have observed 

0 Desorcbe the structure and mode of pollination ot lJi 
S age (Salma) 

7 Describe the flowers of Mint, Self-heal (Prune/fa) y * 
Sage (Teucrium), pointing out in each case how tlioy <1 i i 
Dead-nettle flower 

8 Mention Labiates whose flowers are pollinated by 
(6) shoit-tongued bees, (c) long-tongued bees 
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THE FOXGLOVE FAMILY (SCEOPHTJLAEIAOEAE) 

501- Foxglove (Digitalis pw'puiea), the most familiar 
and most conspicuous British plant of this family, is 
abundant m sandy or rocky soils in open places or the edges 
and less shaded parts of woods It is usually biennial, 
forming in its first year a rosette or broad-stalked “ radical” 
leaves with prominent veins and wrinkled surface, 6 to 
12 ins long, m the second year the stem grows up to form a 
flowering shoot, 1 to 5 ft high, with spaced-out leaves 
gradually becoming smaller and sessile In sheltered places 
especially, the plant becomes perennial, as do also the garden 
varieties. 

The plant may send up branches when the flowers of the 
mam shoot are nearly over, or m cases where the mam stem 
has been damaged,' these branches are quickly formed if the 
mam stem is cut off eithei near the base or below the 
flowers 

Note the arrangement of the floweis in a long raceme, with 
a small leaf (bract) below each flower, The young flower is 
erect, but before opening it begins to droop owing to the 
bending downwards of the short stalk. The flowers are 
arranged spirally on the stem Do they spread out m all 
directions when open? If not, how are they brought mto 
then Anal position, and why ? Note the calyx, deeply cleft 
mto five lobes, the uppermost nariower than the others. 

Sketch (1) a complete flower m side view, (2) the parts 
seen on looking mto the month of the corolla, (3) the isolated 
corolla (pulled away from flower) m side new, (4) isolated 
corolla slit open along the middle line above, (5) the pistil 
and nectary, with calyx removed, (6) a section of the entire 
flower (Fig 137) Note the peculiar form of the corolla- 

413 
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why is the tube dilated at the base, then *3 
widened out? Why is the mouth of tho 

CALYX 



i 

Fig 187—Longitudinal Seotion of Flowei of Kt»x; d 


below than above ? Note the two lobes t>r ! 
(= 2 petals) and the less distinct lobmg of tJ x 
lip (= 3 petals) 

If you watch huml *3 


the flower, you sliou 
c \ answer the follow i 1 

What are the uses ol* ’ 
MfT P 0Sltl0IL the i] 

|f\- y ji curious “eye-spots” i 

! i ^ {§91 J I (^) the hairs insults 
\ kj j Examine flowers of < 

V J the anthers of the j 

stamens shed thou* ' 
those of the lower ] 
stigma-lobes separate * r 
to receive pollen: lj 
F]g 188 ^ fl ove Dla ^ m ° f sequence of events t; 

pollination? Note 4 

anther-lobes diverge when the anther ripens, 
ovary and note the two chambers, with muucvi 
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the axile placenta, which resembles a dumb-bell in cioss- 
section 138) 

The egg-shaped capsule opens by splitting on each side, 
the partition Bphts into two layers, and at the same time 
separates from the placenta, so that the two valves are foimed 
and the numerous small seeds are left on the placenta and 
are gradually shaken off when the wind rocks the plant 
(censer-mechanism) Note that the upper valve of the 
capsule Bphts down the middle, sketch the ripe capsule before 
and after opening 

502. Speedwell (Veronica), There are 16British species 
of Veronica, of which 10 are common and widely distributed. 
In certain respects they all agree: the leaves, or only the 
upper ones, are opposite, the flowers small and blue, with 
4-lobed calyx and corolla, the corolla-tube being very short 
and the lobes flat, stamens 2, projecting from the corolla 
along with the style which ends in a small stigma 

Germander Speedwell or “Bird’s-eye” (V chamaediya), 
one of the commonest species and earliest to flower (April to 
September, but chiefly m May and June), has rather large 
flowers in across) and will serve as a type It is peiennial 
and has slender branches, 8 to 24 ms long, prostrate at the 
base but soon becoming erect. 

Note the two opposite hues of hams on the stem (cf Chick- 
weed) j the opposite leaves, sessile or nearly so, J to lj-ms. 
long, coi'ciate (heait-shaped), with deeply toothed margin 
and wrinkled hairy surface 

The flowers are in racemes, each of which arises in the axil 
of one of the upper leaves, and is carried well up on a slender 
axis; the raceme with its stalk is 2 to 6 ins long. Each 
flower arises in the axil of a narrow pointed bract, these 
are arranged spirally on the raceme axis, not m crossed pairs 
like the foliage-leaves. 

Note the calyx, deeply divided into four narrow green 
pointed lobes. The short flower-stalk is slightly curved, so 
that tho flat spreading lobes of the corolla he in a vertical 
plane, what advantage do you see m this ? The plant com¬ 
monly grows on hedgebanks, m which case the flowers all 
tend to face outwards (why ?); when m open places, the 
flowers face in different dnections all round Note the four 
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lobes spreading from tlie short tube of the bright-blue 
corolla, the two side lobes, which he behind (below) the 
upper lobes, are similar in size and shape—the upper lobe is 
the largest, the lower lobe is the narrowest 

Note the white rim (honey-guide) at the mouth of the 
corolla-tube and the hairs which protect and partly conceal 
the honey, secreted by a ring-like nectary round the base of 
the ovary 

The position of the lobes of the calyx and corolla suggests 
that the uppermost (posterior) sepal of the calyx is missing, 
and that the upper petal represents the two upper petals 
usually found m this family, occasionally one finds Speed¬ 
well flowers with five sepals and five petals The two stamens 
present belong to the upper pau, each is inserted on the 
corolla-tube between the upper petal and one of the side 
petals The ovary is two-celled, each cell havmg numerous 
ovules on an axile placenta, and is broader than long (flat¬ 
tened from side to side), covered with hairs, and notched at 
the top, the style arising from the notch. 

The flowers are largely visited by hoverflies (Art. 849), and 
appear to be specially adapted for cioss-pollination by these 
insects. The two stamens project horizontally and diverge a 
little at each side; the filament of each stamen has at its 
base a small bend which forms a kind of hinge, the style 
hangs out over the lowest petal A fly coming to the flower 
first rubs its underside against the stigma, and then grasps 
the stamens with its legs and draws them together to form a 
support as it probes for honey m the corolla-tube, thus 
causing the anthers to dust its body with pollen. When the 
msect leaves, the stamens spring back to then* former 
position, and the flower can be visited several times. Do 
you see why the coiolla has no “ platform ” lower lip ? 

The sepals persist around the short flattened capsule and 
grow a little longer after pollination. The ripe capsule, which 
contains rather few seeds in each chamber, opens by two slits, 
but the valves remain attached to the seed-bearing axis The 
seeds aie thin, flat on one side and convex on the other, they 
escape gradually through the narrow slits; the sepals also 
help m this censer-mechanism and prevent too many seeds 
from falling out together except when a strong wind is 
blowing After flowering the racemes lengthen considerably 
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this aids m the dispersal of the seeds by wind (how^ 1 ), the 
flower-stalks stand erect, close to the raceme axis, while the 
flowers are young, spread out when the flowers open, and 
become erect again when the flowers have been pollinated 

503. Most of the other common Speedwells have smaller flowers, also 
visited chiefly by flies, but often self-pollinated—especially where the 
flowers are veiy small and inconspicuous The following notes will 
help m the identification of the commoner Brit species 

Firs, solitary m axils of alternate foliage-leaves (lowest leaves, 
without firs , opposito), seeds cup-shaped 01 deeply giooved on one side 
—V agrestic (Procumbent Speedwell), in waste places and oultd 
soil ; loaves seirate, about as long as tho fli -stalks , firs (Feb -Sept ) 
pale blue, sepals ovate, 0 4-8 nun. aoioss , oapsule flab, lobes 4- to 10- 
seeded V luibaumu , in fields, is similar but has flr-stalks longer 
than leaves, firs bright blue, sepals lanooolato, 0 12 mm across 

V hedet aefoha (Ivy Speedwell), in oultd soil, has broad leaves with 
5 to 7 rounded lobes, capsule-lobes globulai with 1 or 2 seeds , sepals 
cordate, longer than 0, 0 4 nun aoioss, pale blue All three aie 
annuals 

Firs, m terminal racemes —V (trvensia (Wall Speedwell) in 

diy sandy places, annual ; stem with 2 opp lines of hairs ; leaves 
downy , ms (Apr -Sept) veiy small, pale blue , sepals narrow, longer 
than 0 , style very slioit , capsule 3-6 mm broad, shorter than 
sepals, eaoh lobe with 6 oi 7 flat seeds V 8erpi/tl{foha (Thyme- 
leaved Speedwell), m moist fields and waste places, perennial, has 
stem hairy all round , leaves sessile, ncaily entire , firs (May, June) in 
long (1 to 4 ms ) laoemes, C white oi lilao, longer than sepals, 6 mm 
aoioss , capsule shorter than Bepals, style as long as capsule V spiccUa, 
only on olialk in E England and limcstono in W England and Wales, 
a hairy perennial, has stout eieot stems, 6 to 18 ms , leathery oblong 
leaves, 1 to 1J ms , firs (July, Aug ) in a dense spike 2 or 3 ms long, 
blight blue; 0 6 mm aoross, with oylinducal tube (exceptional m 
Veiomca) and narrow lobes , sta and style very long 

Firs in axillary racemes, plants perennial — V chamaedtys 
has been desonbed V ojjhiiudt'i, in similai habitats, lias stem hairy 
all round, leaves with a short stalk, flis (May-July) pale blue or 
liloo, C4 mm across, style veiy long, capsule narrow, much longer 
than sepals V aciLtellata (Marsh Speedwell), in bogs, etc , has 
haulosB stems and leaves , leaves sessile, lanooolate; firs (June-Aug.) 
white or pinkish , C 6 mm aoross, oapsule small, deeply lobod; flr.- 
stalks as long aB leaves (1 to 2 iiib ), bent down m fruit 

Iu all the preceding spooies the uapsule-valves remain attached to 
the Heed-bearing axis, but in the following 2 spooies they beoome 
detoohod, and tho capsule is flat, oircular, and only Blightly notohed 

V beccctlnuif/n (Brooklime), beside streams, has hollow stems, rooting 
below, spreading branohes, 1 to 2 ft. high; leaves stalked, oblong or 
obovato, seirate, 1 to 2 ms. long , firs. (May-Sept.) in racemes 2 to 4 ms. 
long, bright blue (sometimes pink); sepals small, C 4 mm. aoross; 

B. F, M 27 
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seeds swell up in water (seed-ooat gummy), and capsules opon in wet 
weather S anagalhs (Water Speedwell), also m wet places but not 
so common, has stems 1 to 3 ft,, not much branched ; leaves 2 to5 ins., 
sessile, lanceolate , firs (June-Aug ) in racemes 4 to 12 ms long, pale 
lilac or white, C 4 mm across , oapsule shorter than sepals , seeds as 
in V beccabnnga 

Note that the 3 last-named species, found in wet plaoes, differ from 
most other Speedwells in being hanless plants What otlior water - 
loving plants are hanless 9 What watei-loving plants fonn exceptions 
to the general rule in. this respeot 9 

[Several shrubby foreign species of Veronica , with leathery deoussate 
leaves, aie oultd m gardens and shrubberies; their fhs have the 
typical Speedwell stiuctiue, but m some speoies the C-tube is long ] 

504. The Foxglove Family (Scrophularictceae) shows a 
fairly wide range of flower structure, as we have seen from 
our study of Foxglove and the Speedwells, but all agree m 
having the flower zygomorphic (m some cases nearly regular), 
with gamosepalous calyx (sometimes almost polysepalous), 
a gamosepalous and typically two-hpped corolla; stamens 
generally in two pairs, epipetalous, a honey-disc at base ol 
ovary, a two-cliambered ovary (chambers m vertical plane of 
flower) with numerous ovules (few m Veronica) on axile 
placentas. 

The Sorophulanaceae are classified as follows — 

I. Corolla with upper lobes external (ooveimg the lateial ones) in the 

flower bud 

A Leaves alt. , ooiolla reg oi nearly so, 5-lobed . Verboscnm-t 
[OeZsia] 

B Lower leaves at least opp , 5th sta. absent or lepd by a stann 
node ; corolla bulged or spuned at base Linarta , Antirrhi 

num , [ Calceolaria , AIoii8oa t Maurandia^ Dmstia, Nemesia] 

C Like B, but oorolla not bulged or spurred . Scrophulai'ia 
[. Mimulus , Oheloney Pentatemon^ Colhnsia , Torenia , Paulownia'] 

II. Corolla with uppei lobes or hp covered in bud by one oi both of 
the lateral lobes. 

A Corolla-lobes all flat and diverging, oi uppei 2 erect Digitalis 
Veronica 

B Corolla with 2 upper lobes forming a hood Mclampynim 
Pedicularis , Bartsia , Phinanthus, JBuphrtma TIigbo are al 
parasitic on roots of grasses 

505. Verbascum (Mullein) has 2 common Brit Bpeoies, beBidet 
vaneties and hybrids Woolly Mullein (T r thapsm) ib a stout eiect 
biennial, 2 to 5 ft lugh, on banks and roadsides, with a douse oovermg 
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of woolly hairs, oblong pointed leaves narrowed at base into 2 wings 
running down the stem, firs (Juue-Sept ) m a long dense spike (1 ft 
oi moie), C yellow, 15-25 mm noioss, with 5 spreading lobes , A 5, 
the 3 upper oneB Bhoitor and with white or yellow liana on their 
filaments , oapsule as m Foxglove Dark Mullein (V mgi am), not 
so common, smaller, mueli loss hairy, liaa its lower leaves long-stalked , 
firs (June-Oot ) in clusters in axil of each biaot, 12-20 mm across, 
filaments of all 5 sta with purple bans [Celsia (Dwarf Mullein) lias 
wheel-shaped 5-lobed ooiolla, like Verbasmm, but 4 stamens only, in 
2 pairs ] 

506. Liliana (Toadflax) lias 1 common But species (L vulgaris) m 
hedges, etc , with a slioi t rhizome, giving oft eioct shoots (1-2 ft ), with 
crowded ban less nanow leaves ; flrs (July-Oot ) m a dense raoeme, 
yollow , K 5, small, C-tubo 23 oma long, with long pointed spur 
at base on lowei side, upper lip 2-lobed, lowei with a projecting 
oiango-colouied “palate” or pouch dosing the month and lined with 
liana inside, sta in 2 pairs, aiming fiom base of C-tube, capsule 
opening at the top Abnoi mal (“ polonc ”) flrs sometimes oocur with 
leg corolla (5 lobes at mouth, 5 spurs at base) and 5 sta 

[Ivy-leaved Toadflax (L cymbal ana) is an introduced plant, though 
oommon on walls ; it is poienmal and has long creeping stems, ivy-like 
leaves (12 20 mm bioad), and axillary long-stalked flia (May-Sept ), 
8 mm. long, C libio, with yellow “palate” and short spiu , capsule 
opens by 3-tootlied valves , after pollination the fli -stalk turns fiom 
the light and foices tho oapsule into dark crannies in the wall ] 

507. Antinhimnn (Snapdragon) has 1 Bnt speoies (in Eng only), 
A orontiam , annual, in cornfields, oto., with rose-purple flrs (July- 
Oct ), 10 mm long Examine a oultd. form , note the almost free 
K-lobea, tho 0 as m Liwna , but oompiessed below and with a blunt 
pouch instead of a spur, the lopsided ovary, tho very distinct neotary, 
tho oapsule opening by 3 pores at top (l poro on upper ohambei, 2 on 
lowei) 

508. [In Calceolaria note the bladder-like lower C-lip and the 
2 sta In Alonsoa (Mask Flower) the leaves are opp oi in 3’s, the 
C-tubo very short with 2 bps, and the 4 Bta are exserted Nantaia is 
allied to Lmana, but has a flat capsule Maw audio, is a gioenhouse 
climber with sensitive twining petioles (of. Clematis) and fli like 
Snapdragon, but no pouch at base of C-tube. In Dia&cici the C-tubc 
lias 2 spurs ] 

509. Sci aphidai ta (Figwort) has 2 common Bnt species, ereot 
beibs with 4-sided stems, decussate leaves, and dull purplish firs, m 
axillaiy oymes ; S nodosa is 2-3 ft high, with short ilnzome beating 
tubers, while 8 aquatica , in moistei places, is tallei, less branched, 
and hems no tubers on tho rhi/ome, wlnlo the eieot stem has its angles 
winged. The firs (July-Sopt) lmvo the posteuoi sta. lepd by a 
scale , for pollination, hog Art 517 , C 5-lobed, tho 2 upper erect and 
foinung an uppei bp, the 2 lateral shorter, the lowest turned down- 
watds. 
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510. [Mimulus, of which seveial speoies are culLd , esp the Musk 
[M mo8chcUu8), has opp leaves, K 5-angled, 0 2-lippod, stigimi- 
lobea flat and spreading, but sensitive and olosing when touched on 
inner surface M htieus (Monkey Flower) ooours in wet plaoes, esp 
by streams, in Brit, but is a garden-escape ] 

511 [In Pentstemon (Beard-tongue) the flr has a long stanimodo 
(= posterior sta , of Set ophid aria) , Chelone (Turtle-head) has the 
sterile 5th sta shoiter than the fertile ones Colhnsia has K deeply 
cleft and otherwise resembles Snapdragon, but tho O-tubo is bulged 
on the posterior ’ side, Torenia , an allied genus, has K-tubo winged 
All these are commonly cultd , their firs should bo oxuimnod 
Paulowtna is an Oriental tree (Ohina, Japan) cultd in S Eng , with 
opp oordate leaves and panicles of large purpbsh flrs , O-luue with 
5 spreading lobes ] 

Digitalis and Veionica are olosely allied, though apparently very 
different, some foreign Veromoas have long-tubed flis 

512. Pedicularis lias 2 Brit species, both common, with pinnate 
leaves and red flrs in raoemes, K with 2-5 n regular lobes, C 2-lipped, 
upper bp laterally compressed, lowei 3-lobed ; A 4, under upper O-lip, 
anthers cohering by bans P sylvatica (Lous© wort), in damp fields, 
has a perennial rhizome; stems branched at base, iarely over G ms 
high, flrs (Api -July) rosy, K-tube angular, 5-lobed, uppei lobe 
entire, but the others leafy , upper 0-lip 2-lobed P puhish'is (Red 
Rattle), annual, in bogs and marshes, with thick tap-root, stems 
1-2 ft high, lower leaves opp , flrs (May-Sept) dull led, K-tube 
oompressed, with 2 jagged lobes ; upper C-lip 3-lobed, 

513. Bkinanthus (Yellow Rattle), m damp fields, annual, with 
square stem (6-18 ins ) and simple narrow decussate seiralo loaves , 
flrs (May-Aug ) yellow, 12-30 mm. long, in a raceme , K inflated, 
with narrow mouth and 4 small teeth , oapsule flat, with a few large 
winged seeds 

514. Melampyrum has 4 But. speoies, M. pratenae (Cow-wheat), 
the commonest, chiefly in woods (a shade-lovmg plant), annual ; stem 
6-18 ins high, leaves decussate, narrow, entire (bracts toothed at 
base), flrs (May-Sept ) pale yellow, 15 mm long, K with 4 long 
teeth , C with long tube, lower bp with 3 short lobes and a “ palate ” 
nearly closing the mouth 

515. Bartaia odontites , common on loadsides, in cornfields, oto., 
annual, with square stem and opt) leaves ; flrs. (Juue-Sept ) ilia Hpiko, 
all turned to one side , K 4-lobed, dull red , C lcd-purpie, 1 cm long, 
month open 

516 Euphrasia, (Eyebright), annual, in fields, 1-10 ms high ; 
leaves opp , ovate, deeply toothed, flrs (May-Sept) as m BaUsia , 
but 0 white with purple veins and yellow lower bp, upper lip more 
spreading, tube shorter (5 mm ) 



THE FOXGLOVE FAMILY (sOROPHULARTACBAB). 421 

5X7- Flower Mechanisms in Scrophnlariaceae. —The 

flowers of most Scrophnlariaceae are adapted for pollination 
by bees, though the shoit-tubed open flowers of Veronica 
and Verbasmm aie visited chiefly by flies In most cases the 
entering bee rubs the anthers and style with its upper side, 
and the flower is protected against rain by the hood-like 
upper corolla-lip In Toadflax and Snapdragon, howevei, 
the flowers stand erect, instead of being horizontal or pen¬ 
dulous, and the corolla-mouth is closed by the bulge or 
** palate ” of the lowei lip, so that it can only be opened by a 
heavy and strong lusect, these flowers are viBited by humble- 
bees, which often bite holes at the bulging base of the 
corolla-tube in Snapdragon In the Musk or Monkey-flower 
(Mimulus), notice the cm ions stigma, with two flat lobes 
what happens if the stigma is touched on the inner surface, 
and how will this help as legards pollination P 



Fig 180 — Flgwort (Sci'ophv.lcu ia). 

ii Fiuvrei whan first opened, b. Longitudinal Motion of Borne, o, Flowei day or two 
inter tn u tlio style and utigma me now withering, while tlio anthers mo exposed 
mid about to open 


Figwort (Scrophularia), which is largely visited by wasps, 
is vrotogynous In the newly opened flower (Fig. 139) the 
style lies in the mouth of the corolla above the lower lip, but 
the antheie aie still closed and hidden m the corolla-tube, 
the filaments being curved, next day, or a httle later, the 
style withers and falls on the front of die corolla, the visiting 
insect rubs the stigma and antheis with its underside in this 
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case The female stage is now over, and, unless cross- 
pollination has occurred, no seeds are foimed Then the 
filaments unbend, bringing the antheis up to the position 
fonaeily occupied by the stigma, and a bee probing for the 
honey at the base of the coiolla-tube is dusted with pollen, 
which it may then carry to the stigma of a younger flower 

In Rhinantlius , Pedicular is, Barstia, Melcmrpyrmn, and 
BwplhULsw we get a “loose-pollen mechanism ” The stamens 
lie under the uppei corolla-lip, and the four antheis aie 
close together and usually connected by inteilocking hairs in 
this fashion 

o =-0 

A \\ 

0 0 

so as to form a “ pollen-box ” The pollen is dry and 
powdery (like that of wind-pollinated flowers), and when a 
bee enters the flower it rubs against the lower side of the 
“ pollen-box ” and receives a shower of pollen on its head 

QUESTIONS ON CHAPTER XXII. 

1 Describe tlie stiuoture of the Foxglove flowei, with sketches, and 
point out its adaptation foi pollination 

2 Mention tlnee British species of the genus Veronica (Speedwell) 
aaid give the oharaoters by wluoli you would know them one horn 
another, including the months when each is in fullest tlowei Have 
you noticed any difference in the places where they usually glow ’ 

3 Describe tho flower of Mullein ( Verhaxcum ), pointing out how it 
resembles, and differs from, that of Foxglove. 

4 Foi wliat reasons aie Foxglove, Snapdragon, Toadflax, Figwoit, 
Mullein, and Speedwell all placed in the same family ? How do their 
flowers diffei in struotuie’ 

5 How are all Scrophulanoceae distinguished fiom all Labiates’ 
Whioh plants of both families might at first sight be confused, and 
how could you tell, flora the flowei, which family a plant with a two- 
lipped gamopetalous corolla and four stamens belonged to ’ 

6 Mention Soi ophulanaoeae which aie pollinated by (a) flics, 
{b) short-tongued bees, (c) humble-bees, ( d ) wasps 

7 Describe the life-lnstory of a single Figwoit flowei, from the 
time when its coiolla opens 

8 In what habitats would you look for Mullein, Ivy-leaved Toadflax, 
Brooklime, Cow-wheat, Lousewort, Bartsia, Yellow Rattle 9 
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THE COMPOSITE EAJMILT. 

518. Dandelion {Taraxacum d&ns-leonis ) is one of the 
commonest and most familiar of plants It is apt to be 
confused with Hawkweeds and other allied plants of the 
same family, but is distinguished by the lobing of its leaves, 
and by its solitary head of flowers being earned on a soft 
hollow stallr which arises from the centre of the leaf-iosette 
Examine and compaie plants growing m different situations, 
e (} m exposed and in slielteied places, among short grass on 
a lawn, among longer grass m meadows, neglected lawns, or 
garden borders, in hard or giavelly soil and m soft damp 
soil Note that the leaves have a strong tendency to spread 
out in a rosette and press themselves to the soil (what happens 
if you carefully dig up a plant growing at the bottom of a wall 
and put it into level sod?), but that among long grass the 
leaves grow up in a nearly vertical position 

Note the peculiar form of the leaves, which vary in the 
extent of the lobmg and the shape of the lobes Why is the 
possession of lobed leaves an advantage to a short-stemmed 
rosette-forming plant ? Note how the lobes of the different 
leaves fit together with very little overlapping Note also 
how rain-water falling on the leaves runs down the midrib to 
the tap-root, m which is stored the food that enables the 
plant to live from year to year The Dandelion is really an 
evergreen plant, since it is never without leaves. 

In a dug-up plant note the long tap-root, which is usually 
blackish outside and white inside, cut across the root of a 
plant and note that soon a healing-tissue (“callus ”) forms 
over the cut surface, from which arise new shoots. It is not 
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easy to tell, by inspection, where root ends and stem begins , 
the stem remains very short, covered by the leaf-bases, and 
each year it produces a bud for the shoot’s further growth, 
while the root contracts (as m so many other “ grouud- 
huggmg ” plants, e g plants with runners, rosette-fonnmg 
short stems, underground stems, bulbs, conns, or thick food¬ 
storing tap-roots) and draws the stem down so that it never 
comes above the soil What do you suppose is the use of 
the bitter juice contained m the Dandelion tap-ioot along 
with the reserve-food ? 

The floweis, which appear in eaily summer but may be 
found (m south England and in sheltered places elsewlieie) all 
the year round, are in solitary heads, each head on a long or 
short stalk The stalk is smooth and hollow, when cut it 
gives milky bitter juice (also found in other parts of the 
plant) which turns brown on exposuie to the aii Note the 
numerous (100 to 300) small floweis ciowded on the flat 
expanded circulai top of the flowering stem, each flower 
being mseited m a small pit Where are the youngest 
flowers—at the centie or at the outside of the disc? By 
companng heads of different ages you will find that the 
flowers open successively from outside to centre, so that the 
head resembles an umbel (e g Cowslip, Ivy) m which the 
flowers have no stalks (or very short ones) and aie seated on 
the disc-like end of the floweimg axis Note the double 
cmcle ( mvolucie ) of nan. ow gieen leaves (bracts) aiound the 
head 

How do the outer bracts differ fiorn the inner ones m 
form, position, and function ? Does either senes appear 
to perform any function besides that of protecting the very 
young flower-head before any of the floweis open or the 
flowering' axis glows up P Wliy does the inner senes remain 
eiect, though the outer bracts bend downwaids ? 

In an open flower (Pig 140) note the narrow staap-like 
outgrowth from the outer side of the mouth of the corolla- 
tube How many teeth are there at the top of the strap ? 
Now examine the flower carefully with your lens Note the 
slender style, divided at the top mto two curled blanches 
(stigmatic arms), each about 2 mm (^ inch) long, with 
short hau-s (in about 12 rows) on the innei fstigmatic) 
surface, note the long lians on the stylo a little below the 
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point of branching Slit clown the corolla-tube and trace 
the style down to the bottom of the tube; on its way 
down, the style passes through 
a tube about £ inch long, catch 
hold of the top of the style and 
pull it out of this narrow tube 
What w this tube around the 
style? Can you see five slender 
tlneads ]ommg the lower edge of 
tins tube to the mnei surface of 
the corolla-tube P If so, you 
should be able to see that the tube 
consists of the five anthers joined 
together by then sides , their out¬ 
lines can, however, be seen on 
careful inspection 

What is the swelling below the 
base of the corolla-tube ? Note 
the bans which foim a circle just 
above tins swelling Can you see 
a slendei neck-like part between 
the swelling (ovaiy) and the ring 
of hairs (‘pajipus, representing the 
calyx) ? Can yon see the small 
ring-like cusluon (nectary) at the uo—Fionei of Dandelion, 

_ , j J i lcmaL pint (oorollu tube ami 

bottom of the coiolla-tube, around ovary) cut open 

the base of the style ? If you 

cannot make out all these points in the structme of the flowei 
at the fiist try, examine more flowers until you succeed in 
seeing all the parts The honey rises in the nanow corolla- 
tube, so that even sliort-tongued insects can leach it The 
heads are visited by an unusually large variety of insects, 
including hive-bees, humble-bees, flies, beetles, and butterflies 
The Dandelion is a very suitable plant on which to make 
daily observations with a view to learning the complete life- 
story of the flower-head and of the individual flowers By 
watching the same head at frequent intervals day by day, 
and by examining flowers of different ages, you can make 
out a good deal of the story for yourself. Is the head always 
expanded? TJnder what conditions does it close? Note 
how the straps of the outer flowei s close over the innei 
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flowers, and how the closing is completed by the inner cncle 
of bracts Does it close at mght only ? For how many 
hours does it remain open each day m fine weather p Do all 
the flowers m a head open on the first day that the head 
itself is expanded ? How often must the head open m order 
that all the flowers m it may have a chance of being 
pollinated by insects ? 

In watching Dandehon-heads in a gaiden I have noticed - 
that, as an average, the heads are only open for about eight 
hours on fine days and that a head rarely opens more than 
thrice In fine weather nearlv all the floweis in a head aie 
open by the end of the third day, and on the fourth or 
fifth day the head is closed and the corollas are beginning 
to withei, while on cold and wet days the heads remain 
closed. How do these observations agree with yours ? 

Open up flowers of different ages, and note that at fii st the 
style is low down m the tube foi med by the united anthers, 
the two Btigmatic aims being m close contact by their inner 
(stigmatic) sui faces, the pollen is shed inside the tube, and 
is swept out of the top by the hairs on the style as the latter 
grows up Durmg this “ male ” stage, insects viBitmg the 
head remove the pollen-mass from the top of the antlier-tube 
as it is pushed up by the piston-like style, and smce the 
stigmatic surfaces aie not exposed, only cross-pollination is 
possible Then the style emeiges and its two lobes diverge, 
exposing the stigmas, if cross-pollination does not occur 
dining this second or “female” stage, the anus curve back 
until the stigmas touch the pollen still adhering to the style, 
thus bunging about self-pollination. 

Aftei the coiollas have withei ed and the head has closed up 
for the ripening of the fruits, the head-stalk usually bends 
down towards the ground, and an interesting series of 
changes takes place What changes do you observe m (1) 
the length of the head-stalk, (2) the shape of the expanded 
top of the stalk (which is at first flat), (3) the size of the 
ovary, (4) the length of the slender stalk (at first very short) 
just above the ovaiy, (5) the ring of hairs at the base of the 
(now withered) coiolla-tube? What becomes of the upper 
parts of the flower (corolla, stamens, style) p When the 
fruits are ripe, the stalk becomes erect again Does the head 
still open on fine days, or'does it remain closed and for how 
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many days P How is the change in form of the stalk-top 
connected with the change in form of the whole head ? The 
“ disc ” is now becoming rounded (convex) instead of flat, 
while the fruiting head becomes a globular mass about two 
inches in diameter, the flat fruits 1 equue, therefore, to be 
spaced out on the “ disc ” 

Do all the flowers m a head glow into flints P Do you 
notice any difference in this respect between plants growing 
in sunny places and plants growing m shaded places ? Why 
do the lattei usually produce a smaller proportion of fimts 
than the former P "Why are most of the unfertilised flowers 
usually found at the outside of the head ? Probably the last 
three questions can be answered after considering the facts 
that efficient insect-visits are far more frequent (1) in sunny 
places and (2) m the more fully expanded and therefore 
more conspicuous heads, i e after the first day on which the 
heads are open. 

These obseivations raise the question, is self-pollination an 
effective substitute for cross-pollination 9 I have tried ex¬ 
periments, designed to prevent insect-visits, with rather 
vanable lesults, but on the whole the output of normal fruits 
has been much smaller than m neighbouring heads left un¬ 
touched Tie small bags of muslin oi, better, paper over young 
unopened heads, and see how many fully developed fruits 
are pioduced In watching Dandelion-heads and noting all 
that happened day by day I have found that the average 
time from the first openmg of the flowering head to the final 
opening of thefiuitmg head (with fruits ready foi dispersal) 
is about eighteen days, it is lengthened a little by rainy 
days, shortened when the weather is fine However, m this, 
as m all other leadily verified matters, make your own obser¬ 
vations instead of meiely accepting those of other people 

Note the structure of the ripe fruit (akene), openmg up 
the fruit-wall to see the single seed Note how the paiachute- 
like pappus (ring of bans) closes up on wet days (why ?) 
and expands on dry days (why?) By what agency is the 
seed dispersed ? Try the effect of pickmg off the parachute 
from the fruit; note the times taken for (1) a complete fruit 
with expanded pappus, (2) the same fruit deprived of the 
pappus, to fall from the same height Try the comparison 
under different conditions, e g indoors and outdoors, on a 
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still day and on a windy day Note the small stiff hairs 
(straight or hooked ?) on the akene itself How do these hairs 
help the akene to become attached to the soil after the para¬ 
chute comes down ? What are the advantages of having the 
pappus carried up on a long stalk ? When is this stalk above 
the ovary developed ? Is there any trace of it m the flower ? 

519. Daisy (Beilis per ennis) —This familiar plant flowers 
from spring to autumn, even m winter a few days of 
sunshine will often cause the flower-buds to open. It is 
practically evergreen as well as perennial, producing leaves 
throughout the year In general habit it resembles the 
Dandelion, but the stem is longer and it sends out runnel s 
all round, giving rise to numeious new plants, apart from 
seeds, therelore, the Daisy has a very efficient method of 
spieadmg and multiplying 

Carefully examine patches of Daisies at fiequent intervals 
during the yeai, making notes (with sketches) of your ob¬ 
servations At what time of year aie the “ 1 miners ” given 
off by the parent plant most copiously ? How many young 
plants may be formed m this way ? How long are the 
runners P 

Note the arrangement of the leaves in a losette Sketch 
a plant from above, showing the shapes of all the leaves. 
Wheie is each leaf broadest? What aie the advantages of 
the peculiar shape of a Daisy leaf ? Which leaves (uppei or 
lowei) have the longest basal parts and the laigest blades* 
and why P Why is it a good plan for a losette-fonnmg plant 
to liave its leaves broadest townids then free ends ? 

Examine the flower-heads (Dig 141) and the individual 
flowers very caiefully, on the lines indicated in the preceding 
ai tide on the Dandelion How long are the flowering-axes ? 
How broad are the heads ? Note the shape of the expanded 
top of the head (slice it down longitudinally) and the 
structure of the mvolume (number of bracts ? in how many 
circles ? shape and colour of biacts ?) 

You will notice that the outer flowers, forming a single 
senes, lesemble those of the Dandelion m having a stiap- 
like outgiowth from the mouth of the corolla, while all the 
inner flowers have a tubular corolla , the strap-hke ( ligulate ) 
flowers are often called the ray-flowers, the small tubular 
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Dueri the disc-floweis Compare a lay-flowei of Daisy witli 
a Dandelion flower note the shape of the strap, the nailow 
but sliort sfcigmatic aims, the absence of stamens In a 
disc-flower note the regular tubular corolla, with five (some¬ 
times only four) equal lobes round its edge, the thick short 
stigmatic arms, the presence of stamens The ray-dowel’s 
thus differ from the disc-flowers m having no stamens, as well 
as in the shape of the corolla In what respect do all the 
flowers differ from those of Dandelion ? 



Fig 141 —Vuitiuul Seutionof Cftpltuluu) 


Note the closing of the head at night and m bad weather 
On a bright day the straps of the ray-flowers Bpread out 
horizontally, at night they move inwaads and meet at the 
tops so as to cover and protect the young central flowers 
Is it possible to make the head close in the daytime ? 
■Cover a plant with a flower-pot or box, excluding all light by 
sprinkling soil round the edges where the pot or box rests on 
the ground Keep a Daisy m darkness for two or three days, 
then bring it to the light, or remove the pot or box covering 
it, note that the head does not open completely, but remains 
half closed, as is also the case on dull days Regular alter- 
nation of light and daikness is essential for the regular 
■opening and closing of the heads 

How are the opening and closing movements affected by 
•changes m temperature p Pick a head which has closed for 
the night, set it in a bottle of water, and bring into a warm 
room : a temperature of 15° C. or even more will fail to cause 
opening A Daisy head when closed in the evening does not 
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readily open with even a considerable rise *»!' temperature, 
when open m the morning it. does not close unless the tem¬ 
perature is greatly lowered. If a cloned laud is warmed in 
the morning it leoddy opens, it' an open head is cooled m 
the evening it leadily closes 

Note the elongation of the convex top of the flowering- 
aMS after the flowers have been feitilisnd, and the ll.it akenes 
without a pappus. The computed akenes are doubt less 
carried by the wind, though very poorly adapted for vvind- 
dispeisal as compared with Dandelion L*iuit.s. However, m 
coinpamig the equipment, of plaids for the struggle for 
existence, one must not iix on any single biological advan¬ 
tage, but take into consideration the whole equipment The 
akones of Daisy cannot, bo so often carried to a distance as 
those of Dandelion, bub once n Daisy plant, establishes itself 
in a suitable place it. may, by its runners, give rise to 
hundreds of plants in a few yoni s 

520. Coltsfoot ( Timihujo J'ttrfttnt) is a well-known plant 
whose flowering shoots appear early in spring (sometimes as 
early as December), long before the largo loaves. The ]iluuts 
grow chiefly in damp heavy soils, in waste places or road¬ 
sides, in clayey fields—us null v m mill-exposed situations. 

Note the yellow flower-heads (1 to 1 \ ins dia-moler), each 
earned on a stein (4 ms to 1 ft high) which arises direct 
fiom the ground and at. lirsl droops hut. later becomes 
straight The floweimg-stein bears numerous scales winch 
are, like the stem itself, covered with woolly hail’s. At the 
top of the stem, just below the head, there are several short 
scales, then a senes of long narrow bracts surrounding the 
floweis Are the flowers all alike, with tubular or strap¬ 
shaped corollas? How many ray-flowers are there? lfow 
do they (1) resemble, (2) differ from, those of the Daisv and 
Dandelion? Is there any pappus? How many disc-flowers 
are there in the head? Does the style hear diverging siig- 
nmtic arms, or net ? By careful observation try to make out 
the life-history of the flower-head. 

The central (disc.) flowers appear to resemble those nj (he 
Daisy, but close inspection shows that they are realh unr/e 
flowers, for the stylo acts merely ns a piston to push the 
pollen out of the anther-tube; the style does not. divide into 
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two stigmatic arms. The outer (ray) flowers are female 
flowers, as m Daisy, both kinds of flower have a pappus, but 
it lemoins small in the male floweis, though it enlarges to 
foun a parachute on the fertilised ovary of the female flowei 
Only the male flowers produce honey, insects visiting a 
newly opened head must (if cross -pollination occuis) bring 
pollen from an oldei flower (why ?) When the head closes 
m the evening the pollen pushed out of the anther-tubes of 
the male (disc) flowers may be tiansfened to the stiaps of 
the female (ray) flowers, and when the head opens again the 
pollen may slide down the straps to the stigmas situated at 
the base, bunging about pollination. 

Examine the leaves, which come up m a tuft, a few weeks 
aftei the flower-heads The leaves are upright and 1 oiled up 
at first, but when the blade begins to unfold it turns over so 
as to be horizontal, and then rapidly spreads out and becomes 
from three inches to nearly a foot broad The leaf is covered, 
especially on the lower side of the heart-shaped angular 
blade, with a cotton-like mass of hairs (formerly soaked m 
saltpetre and used as tinder) , the stalk is long and stout, 
and the fully grown leaf spreads out like an umbrella and 
stops the growth of other smallei plants below it. 

Dig up a plant m early summer and note that each flower¬ 
ing shoot comes off mdependently from the stem, which bears 
the scars of the leaves of former years In plants dug up 
m autumn note the young leaves for next year, also the egg- 
shaped buds of the flowering shoots, m which the young 
flowers can be plainly seen on making a longitudinal section 
Note also the long white tough runners which arise from the 
stem and which enable the plant to spread over a laige area 
The Coltsfoot is a rampant and troublesome weed when once 
it gets a footing m fields, owmg to its rapid spread by means 
of the runnei s and to its very effective method of choking 
off competing plants by its large leaves 

521. The Composite Family (Compositae) is the largest 
among flowering plants, and one of the most successful and 
widely distributed There are about 800 geneia (40 m 
Britain) and 11,000 species (115 m Britain), ie over 10 
pei cent of the total number of species of Elowenng Pkints 1 
There are nearly 1300 species of one genus ( Senecio ) 'alone 
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It is easy to see why this family is such an aggressive and 
successful one What are the advantages of having (1) 
numerous small flowers grouped togethei m a compact flat- 
topped head, (2) the outer flowers often more conspicuous 
than the inner ones, (3) honey m most cases accessible to 
even short-tongued insects, (4) in most cases small light 
fruits piovided with a pappus tf> 

Examine all the Composites you meet with and find out all 
you can about the arrangement and structure of tbe heads 
and of the individual flowers How do the heads and flowers 
of Cornflower and Knapweed (“ Haid-heads ”) differ from 
those of our three types ? What other Composites resemble 
(1) the Dandelion in having all the flowers ligulate, (2) the 
Daisy m having the outer flowers ligulate and the inner ones 
tubular, (3) the Cornflower (“Bluebottle”) and Knapweed 
in having all the flowers tubular ? How do the outer flowers 
of the Cornflower-head differ from the inner ones? What 
common Composites have small heads densely massed to¬ 
gether to form a flat-topped corymb of heads, and what are 
the advantages of this arrangement? In each case study 
the biology of the inflorescence and of the individual flower, 
in the way we have studied the Dandelion and Daisy. 

In studying garden Composites note the small leaves 
(bracts) on the top of the head, among the flowers, in Sun¬ 
flower, Dahlia, and Zmma, one biact on the outer side of 
each flower Compare “single” and “double” Dahlias, 
Asteis, etc how does the flower-head become “double”? 
Watch the various msects which visit the flowers of wild 
and garden Composites why is there such a variety of 
visitors to flower-heads like those of Michaelmas Daisy ? 
G-ioundsel, which flowers nearly all the year round, is said 
to be chiefly self-pollinated test this statement by experi¬ 
ment Artemisia (Wormwood, Mugwort) is said to be 
wind-pollinated examine its flowers caiefully and note the 
adaptations to wind-pollination. 

522. Composites may be roughly divided mto three sections, 
with (1) all the firs m the head ligulate, (2) all the firs, 
tubular, (3) the outer firs ligulate and the innei ones tubular. 
The first section is a natural one, but theie are transitional 
forms between (2) and (3), and in thus divi din g up those 
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Composites wlucli possess any tubular firs we shall be 
bringing together some plants which are not closely related, 
and separating some which are 

There aie 11 But genera besides Tauixacum (Dandelion), whioli 
have all the firs ligulate , all have milky juice (latex), and all the 
oommon Brit species (exo Chiooiy) have yellow fhs 

523. Chicory (Cichonum intybm ), in oultd fields, loadsides, etc 
(not in Scotland or Ii eland), is a loughly haity perennial with long tap¬ 
root , stem 1-3 ft high , leaves pinnately lobed, fir -lieadB (July- 
Nov ), 2 oi 3 in axils of upper leaves, sessile, 2-4 oms aoioss ; 
involucre of about 5 short outer braots and 8 longer inner ones, firs, 
large, bright blue ; pappus = a ling of small ereot soales 


524. Lapmna has no pappus L communis (Nipplewort), very 
oommon in oultd and waste soil, annual, slender, ruuoh branohed; 
heads (July-Oot ) in a loose corymb; eaoh head 5-8 mm. cham., 
with 8-10 nairow ligid braots and a few small outer ones 
The other genera nave a pappus of long hairs 


525 I Pappus-liaiis simple (not blanched and feathery) 

A Pappus-liairs brown ; akene not beaked . Hieracutm. 
B Pappus-liaiis white 

1 Akene tapeung at both ends Ctepis 

2 Akene with flat top, no beak Sonchus 

3 Akene with a long oi short beak Lcictuca ,. 


II Pappus hairs feathery. 

A Inv -bracts very long, all of same length 
B Outer bi aots small, nai row. 

1 Receptacle with scales between firs 

2 Reoeptaole naked, no Beales 

a Stem nearly leafless, heads few 
b Stem leafy, branched, heads many 
0. Outer braots largo and heart-shaped 


T) cujopoyon. 
Hypockoeris 
Leontodon 

l y lC7 18 

Helmmthia 


526, The foims of Iltaracium (Hawkweed) are many, and at first 
it is not easy even to tell a Hawkweed from the allied genera, some 
botaniste distinguish as many as 30 Hawkweed species, others only 
4 or 5 (the other forms being regnided ub varieties) This genus, like 
Ultima, is a good example of “speoios in the making ” There are 5 
oommon Brit species H* pxlostlla (Mouse-ear H), the commonest 
and moBt easily distd , lias a rosette of entire leaves 2-4 ins long, gives 
off runners (ot. Daisy), andhaB solitary pale-yellow heads, ‘2cms acrosB, 
Apnl-Oot, on a leafless stalk 2-9 ins. long, H . murorum (Wall H.) 
has a rosette of large ovate leaves and a few small loaves on Rtem 

B. F. M. 28 
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(1-2 ft high), whioh branokes and bears 2-6 heads in a loose ooiyrnb, 
June-Oct, 2-4 oms. across, H 8ylvaticum (Wood H), m more 
Bhaded places, is taller, with narrower leaves less crowded in a rosette, 
and 6-8 leaves on flowering shoot; £F. boreale (Shrubby H ) has a stifl, 
woody, leafy stem, 1-3 ft , ovate leaves with teeth pointing upwaids, 
lower leaves Btalked and witheimg before flowering (Aug -Nov ), 
inv -bracts blaokiBh, heads many in a corymb, H nmlidlatum (Narrow- 
leaved H ), 1-3 ft, has very narrow sessile leaves on wiry stems (no 
radical leaves), inv -braots with leourved tips 

527. Grepia vn ena (Smooth Hawk’s-beard), very common in oultd 
and waste ground, annual, resembles Nipplewort {Lapaaua) m habit, 
but easily distd by akenes (how 9 ), with muck-branched stem and 
small (5-20 mm ) heada (Jime-Oot), O palvdoaa (Marsh H.), loss 
common, has larger lea's es, lobed like Dandelion, and larger heads 

528. Sonchiis (Sow-thistle) has 3 common spcoios, all with hollow 
stems and jagged stem-olasping leaves , S . arvcima, ohiefly m corn¬ 
fields, has aoreepmg rhizome, angular stem 2-4 ft high, and large (2 ms 
diam ) heads , S olet'ocevs and S a-ap&r are annuals, in oultd and waste 
places, with smooth stems, smaller (£-1 m ) heads (more pom ted when 
yoimg), flowering earlier (June), S aaper is like S oleraceus, blit has 
more pnokly leaves 

529 Lactuca (Lettuce) has 1 fairly common Brit species, L 
murahSj on walls and in looky copses, with numerous small (1 cm 
diam ) heads having about 5 braots and 5 firs ; leaves lobed, with laigc 
ivy-like end-lobe Examine the cultd Lettuce, wlnoh has about 10 
flis in head 

530. Trayopogon (G-oat’s-beard), 1-3 ft high, in meadows, 1ms 
long narrow entire smooth stem-clasping leaves, laige (1-2 ms diam ) 
heads (June-Aug ), with about 8 long biaots , head closes at noon and 
in wet weather, fi nit-head very laige, akenes with long beak T 
poritfoliua (Salsify), with purple firs and very long inv -bracts, oocuis 
as a garden escape 

531. HypochoertA radicata (Cat's-ear), very common m meadows, 
sandy places, eto., with lobed bristly leaves in a rosette, long tap-root, 
ereot forked stem (1-2 ft ) with a few very small leaves , heads (Juno- 
Sept ), 20 oms diam , with numeious small overlapping biacts, akene 
with long beak 

532 Hawkbits ( Leontodon ) have a loaette of leaves, a few very 
small leaves, or none, on flowering stems, and oithei a few heads [L. 
autumnaha) or only 1 ; the akene has no beak. L autnmnaha, nearly 
hairless, leaves lanceolate with narrow blunt lobes, heads (Aug - 
Oot), 1 in aoross, L. laapidua , with staff hairs, head 1J ins. across, 
on stalk 6-18 ms long , mv -braots hairy , L hv tua , smallor, with hairy 
stalked leaves and numerous solitary flowering stems, heads J-J in. 
aorosB, mv -bracts not hairy 
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533. Picrw has sessile narrow rough toothed leaves 4-12 ms long up 
the stem (2-3 ft ), and beais pnokly hairs, mostly hooked; heads (July- 
Deo }, 1 in. aoioss, numerous, m a corymb Behmnthia (Ox-tongue) 
has tall (2-3 ft ) branched stems with broad coidate Beesile leaves, 
covered with pnokles on raised white spots, heads (June-Oot) 
orowded 


534. The following Brit geneia have all the firs in the head always 
tubulai , see also Tavacehun and tfaicao in next seotion 


I Leaves opposite. 

A Hoods large , tlrs yollow , roc with scales 
B Heads small, firs pink , no scales on roc 
II. Leaves alternate. 

A Woolly plants , heads small, firs yellow, ■white, 
or brown 

1 No pappus , no scales on leo 

2 Pappus silky 

a Outer fits ?, limei $ or <$ orbanen 
i Reo flat, without scales 
n Rec conical, with a few soalos 
h and ? flis m separate heads 
B riunts not woolly, heads large, firs led, purple, 
oi blue 

1 Outer braols with long hooked tips 

2 Outer bracts spiny ; leaves spiny 

3 All the braots gen spiny , loaves gen spiny 
a Reo with bristles between firs 

h Reo. with a short collar at base of each flr 

4 No spines on leaves or In acts 

a Bracts with a hinged border 
b Bracts not bordered 

III Leaves very large, long-stalked, coming after firs 


Jhdentt 

Eupatorium 


Artemma 


GfnaphcUium 

Filago 

Antennana 


Aictium 

Carlina 

Gai dims 
Gnopoi don 

Oentaurea 

FerraUda 

Peiasites, 


535. Bidena cernua (Bur Marigold), in wot places, has simple 
toothed leaves 2-3 ms. long , atom short, 1-2 ft, ; heads 2-4 oms diam , 
Bingle m leaf-axils , outei mv -bracts spreading, inner eroot; ligulate 
neuter ray-flis sometimes present; pappus = 4 baibed bristles ; reo. 
with a largo scale to eaali flr. , B hipartitw, in marshes, has 3-lobed 
leaves 


536. Eujnitoi'ium {Hemv Agrimony), also m wet places, but much 
oommoner m Brit, is easily distd. by its toll stems (2-5 ffc ), woody 
below and little branched, opp leaves with 8 (or G) leaflets (2-4 ins. 
long), small pink heads (July-Oct) in dense corymbs, head with about 
10 flhort braots and 5 or 0 lira., styles very long, pappuB of simple hairs. 
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537. Arlemma has wind-pollinated firs (Ai fc 558) and muoh-div idee 
leaves , flr.-heads small. A vulgaris (Mugwort) has leaves woolb 
below and about 20 firs in head , in A absinthium (Wormwood 
heads huger) and A. matitima (Sea Wormwood, heads veiy small 
the leaves and stem are covered with woolly hairs. 

538. Gnaplialmm , Filago , and Autennana include the Cudweeds 
\eiy woolly plants with nanow entne leaves , O. sylvaticum, in woods 
has unbranched stem with pale yellow heads (5 mm diam ) in axillar 
olusters, with brown shiny inv.-soales , G ultginosum , very common n 
wet places, has branched stems and terminal clusters of small head 
sui rounded by long leaves , F germamca , in stony places, has vor 
small leaves and stiff forked stems with clusters of about 20 fir -head 
in the folks, inv -braots brown and longer than fits , F mvmma, no 
so common, has smaller leaves and only 2-6 heads in each duster 
A dioica , on hills and heaths, has creeping stems with obovato leave 
and erect stems bearing small nanow leaves and a terminal cluster cj 
2-8 small heads ( $ heads 5 mm. diam , $ headB 10 mm.) 

539 Burdock (Arctiwni), veiy common on roadsides, etc., 3-5 ft 
has very large oordate lower loaves , globular heads (June-Sept ) 
braots with hooked tips, becoming woody later, firs purple, Btyle 
white ; pappus-hairs short 

540 Oarhna (Carline Thistle), biennial, 6-18 ms , has leaves wit 
spmy teeth, heads (June-Oot ) 2-4 oms across, 3 or 4 in a ooiymb 
outer inv -bracts with pnokly teeth, inner ones nairow yellow point© 
and spreading out (often mistaken for lay-flrs ), reo with bristle 
between firs , firs purple , pappus-han s feathery 

541. Caiduus includes the true Thistles, of whioli the three com 
monest speoies, with pappus-hairs feathery, aie C arvensis (Oreepmj 
Thistle, with burrowing rhizome which makes it a very tiouhlesom 
weed ; leaves nanow, muoli lohed, very prickly, heads 1-2 omt 
across, in oorymbs, $ and ? firs in sepaiate heads on diffoien 
shoots), G. lanceolate (Spear Plume Thistle, stem with spin 
wings ; heads 2-3 ins across, solitary , mv -biaots with spreading spin 
tips), and 0 pahiati is (Marsh Plume Thistle, 4-8 ft high, stor 
winged, heads numerous, egg-shaped, 1 cm across, firs lose-piuple] 
Other Bpeoies with feathery pappus-liana aie G acaulia (Stemles 
Thistle, in Btony plaoes, esp on ohalk-dowus, with a few large hqhhiI 
heads on a very shoit stem m Centre of leaf-ioaette), G hetcrophyllu 
(Melancholy Thistle, in mountain pastilles, with cieopmg lln/omc 
tall stems 2-4 ft, and lanceolate leaves with small teeth, not pnckl 
like other Thistles, head large and solitary), G pi atemis (Meadot 
Thistle, also spineless but not common, 1-2 ft high, with down 
hairs, in wet meadows, heads gen solitary), and G crophorus (Woollj 
headed Thistle, the stoutest species in But, 3-5 ft ln^h , leave 
1-2 ft, cottony below; heads globular, 2-3 ins. ooroBS , inv.-braoi 
many, covered with a dense white web of hairs) 
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54:2. Thioe Thistles are distd from the foregoing by having the 
pappus-hairs simple C crwpw* (Welted Thistle, with oontmuous 
narrow wings on stem, 1-3 ft, loaves cottony below, heads small, 
8-15 oms. aiam , clustered, mv,-bracts nariow), C nutana (Musk 
Thistle, stem-wings interiupted, heads 2-5 oms dmm , few, drooping ; 
firs eumson with purple anthers), and O pyoiocephcdiia (Slender- 
flowered Thistle, ohieHy neai tlie sea, stem-wmgs continuous , heads 
pale pink, small, oblong, in olusteia) 


543 The Cotton or Scotch Thistle [OnojiorOon acantkmm) differs 
from the true Thistles {Cardans) in having no lnmtles between theflra 
on the receptacle, which rIiowh pits each surrounded h}' a jagged collar , 



Ki{$ 1JJ—Cm il Couklu (Cuntiuirm). 
f , Ontoi noutui ( Jl), II ,'t uliulai liLiiiuiplimUte dowoi (xii) 


it is a stout biennial, up to 6 ft high, with bioad prickly leaves, 
wingod stem, laige oiect globuhn (3-8 mtih diam ) heads , inv swollen 
below and nanuw above, hiaclH spiny, leaurved, with cobweb of 
bans 

544, The commonest species of Catiaurect is U myra (Hardheads, 
Knapweed),with lanooolato ontiro oi slightly-lohed leaves {1 -3 ins long), 
heads (June-Sept) 2-4 oms across , mv -bracts overlapping, each 
with a bioud black fringed margin, head either with or without larger 
neuter outoi tiro , pappuHof veiy shotl bristles G scalnom (Greater 
Knapweed) is laigei, moio blanched, with deeply lobed leaves 
4-10 ins. long), head linger, always uith a “ray ’ of ncutei firs , 
mv -bracts broadei, with a nairow black fringe G cyruntri (Fig 142), 
(Bluebottle), in cornfields, lias very largo bine outoi neuter firs 
and is often cmltd. 
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545 Saw-wort ( Serratula ), chiefly in dry woods, has a slender 
stem (2-3 ft ), pinnately-lobed leaves (5-9 ms ) , heads (Aug ) ovoid, 
unisexual, $ oi $ gen on separate plants, firs red-puipie, <? with 
blue anthers and joiued style-aims (acting as pollen-piston), ? with 
white aboitive anthers and spreading style-arms, roo with bristles 
between flra , pappus-hairs longer tlmn akene, rigid 

546. Petaeites vulgaris (Butterbur) is olosely allied to Coltsfoot, 
having large (up to a yard across) cordate leaves on long stalks, appeal¬ 
ing after the flowering shoots, it grows in moist places, esp by stieams, 
and has a stout fleshy oieeping ihizorao , the flowering-shoots (Mar - 
May), up to 2 ft high, beat many white or purplish heads , ? plant 
has a compact panicle of heads, eaoh 12 mm across, containing about 
150 $ flrs with very nauow 0 and long style , $ plant has smalloi 
(8 mm ) heads (about 30 flrs ) m a looser panmolo, $ ttr with bell¬ 
shaped G and club-like style (ovary pres,, but no ovule) , sometimes 
the $ head has a few cential £ flis , and vice, veisa 

547. The British Composites in which the outer flrs of the head 
liftve ligulate corollas and inner ones have tubular corollas aio faiily 
easy to identify In some genera oeitain species, eg Groundsel in 
genus Senecio , have no outer ligulate flis , but these oases present no 
difficulty when the allied species are known 

I Akene without a pappus 
A Ray-florets with very small ligule 
B Ray-floiets with well-maiked ligule 

1 Reoeptacle with scales or biiBtles between 

flrs 

a Ligule of ray-firs Bhoit and bioad 
b Ligue of lay-flis oblong 

2 Reoeptaole naked 
a Receptacle flat oi oonvex 
b Receptacle conical, becoming elongated 

II Akene with a pappus 
A. Ray-firs purple 
B Ray-firs yellow 

1 Inv -bracts long and equal, often with a 

fow veiy small soales at base 

2 Inv -bracts numerous and overlapping 
a Ray-flrs over 20 , anlhois tailed 
b Ray-flis about 10 , anthers not tailed 


Tanacetnm 

Acini ha 
Anthemis 

Clirymnthem tun 
Matricaria 

Aster 

Re vet to 

Inula 

Soliflaffo. 


548 Tanacetum vulgare (Tansy), common but not native in Brit, if 
arathei shrubby plant, 2-3 ft, with strong Boentand hittei taste, oomp 
pinnate leaves with toothed leaflets, numerous button-like yellow 
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heads (Aug -Oofc ), 8 min across, in a dense corymb, outer firs Q 
with a very short 3- or 4-lobed ligule on C, inner firs with tubular 
4- or 5-toothed C, pappus repd by a narrow membrane on the 
5 nbbed akeno , T is allied to Artemma (note differences between the 
2 genera) 

549 Achillea has 2 common Brit apeoies A millefolium (Milfoil, 
Yarrow) lmB much divided leaves and small white or pink heads 
(May-Sopt ) in a dense flat corymb with 5 or 0 ray firs , A ptarmica 
(Sneezewort) has simple nairow seriate leaves, fewer and larger 
gioenish-white heads (July-Sept ) with about 12 ray-firs 

550 Anthemia has 2 common But Bpeoies A cotula (Stinking 
Mayweed) has feathery twice pinnate leaves, white heads 1 in across 
lec convex and lengthening in fruit, ray-flrs neuter (without a style), 
.1 aiveusia (Corn Chamomile) has woolly leaves, large heads, reo 
docs not elongate and has scales longer than disc-flrs , ray-flrs ? . 

551. Chrysanthemum has 2 common Brit species C leucanthemum 
(Ox-eye Daisy) has toothed leaves (lower spoon-shaped, upper oblong 
sessile) and huge white heads (2 ins acioss), disc-flis yellow, 
C Rttjciuuh (Corn Marigold) has oblong stem-clasping toothed leaves, 
heads 2 ms across, flis all yellow 

552. Afatutana has 2 But species M modora (Scentless May¬ 
weed) is very common, with leaf divided into many narrow lobes, 
beads 2 ms across, lay-flrs. white (sometimes very few) , M chamo- 
milla (Wild Chamomile) is fairly common, scented like true Chamo- 
nulo (Anthemm nobilia), but with smaller heads (1-2 omB aoross) and 
distil from it by having no scales on reo between firs 

563. Aster tripohum (Michaelmas Daisy), in salt marshes, has 
stout Btem 2-3 ft. , entire fleshy leaves 3-5 ms long , heads (July- 
Sept ) 2 oms across, in a corymb ; ray-flrs pale purple, sometimes few 
or absent 

554 Senccio is the hugest genus of Flowering Plants, having over 
1,200 species (only 9 m But ); the oultd Cinerarias are foreign speoies 
of finite io The 5 commonest Brit species are S vulgar* (Ground¬ 
sel), whioh has no ligulate ray-flrs in its small inconspicuous yellow 
heads (all year round, mostly self-pollinated); fi aylvestna , leaves 
moio deeply cut, heads (July-Sept) 6 mm long, 3 mm across, yellow, 
lay-firs with short liffules 1 oiled baok , S jncobaca, (Ragwort), leaves 
deeply lobed, hoods (June-Sept) large (1 m aoross) yellow in cory mb, 
ray-iliH with long spreading ligules , S aguattcua (MarshRagwort), 
lms less out leaves and a looser corymb , S cructfolius (Hoary Rag¬ 
wort) is less common, leaves woolly below and simply pmnate-lobed, 
hoods os in common Ragwort 
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555. Inula dysentenca (Yellow Fleabane), woolly, with oblong 
stem-clasping leaves, has blight yellow heads (July-Sept.), 1 m diem 
few on stem, ray-firs with long narrow ligules , I conyza (Plough¬ 
man’s Spikenard), not so common, has apparently only tubulai 
firs , the ray-firs having minute ligules, stem 2-5 ft, leaves 3-5 ms , 
ovate downy below, heads (July-Sept ) 15 mm amoss in ooiymb , 
I cmthmoidea (Golden Samphire), m salt marshes, has ti stout un- 
branohed stem, 6-18 ihb , covered with narrow sessile fleshy leaves, 
heads 1 in across 

656 Sohdugo rw gaurea (Goldenrod), in moiBt woods, has lanceo¬ 
late leaves and small (8 mm ) bright-yellow heads (July-Sept ) m a 
dense duster, head with about 10 ray-firs and 20 diso-flrs 

55^. Cultivated G-ardpn Composites. —Many Composites are 
grown for tbeir flowers, and aeveral as vegetables They aie men¬ 
tioned heie in loughly the same order as m the preceding notes on 
native British Composites 

The Lettuces are luxuriant species and varieties of Lactuca ; 
Chicory (loot ground and used to mixed with coflee), Endive (used 
like Lettuce) is another species of Cichoi'inm , Salsify (loots oooked 
and eaten) is like the Goat’s-beard but has purple firs , Scoizonera 
(used like Salsify) is allied to Dandelion, but has entire leaves and 
beakless akene with feathery pappus, Catananche (Cupid’s Dart, 
almost the only Ligulato Composite cultd for its firs ) has papery 
bracts and a pappus of pointed scales 

Allied to Mugwort are Aitemuua abrotamun (Southernwood) mid 
A draciuiculus (Tarragon, leaves nauow and ontiro), both oultd for 
then aiomatic leaves, Onaphahuni [Antennai iti) mai yai ilateitm 
(Pearly Cudweed), Hehchrymm (Fiencli Iminoitolle), and fleliptenun 
are the common “ everlastings ” or “ Immoitelles,” heads with papery 
braots, often sold dyed , Leonfopodium (Edelweiss) Agaatiuii, allied 
to Eupato) turn , has blue or white flis , pappus = pointed scales 

Geniaurea cyanm and other species aiemuoh oultd as “ Comflowoi 
and “Giant Knapweed” , Gynara acolymm (Tiue ot Globe Aitichoke, 
lec and fleshy bracts of young fir-heads edible) and G canlnncnfiM 
(Cardoon, soft inner leaves blanched and oaten like celery) are prickly 

f dants akin to Gentaurea and the Thistles, Echinops (Globo Thistle) 
ias spiny leaves and numerous small smgle-flowcred heads in a globular 
blue cluster 

Most of the cultd Composites have heads of the Daisy typo, with 
the lignlate lay-flra gen ? or sterile They mostly have ‘ * double ” 
vaneties, with the noi nially tubulai ooiolios of tlie disc-firs, diawn out 
like simps or quills, but in some cases, esp. mangolds, the seedlings 
of the “double” varieties tend to revert to the normal oi “single” 
type In most cases the normal forms are also oultd , and tlioro is no 
feai of confusing the “double” forms with the true Ligulate Com¬ 
posites of the Dandelion typo if the “ double ” varieties aio carefully 
compared with the noi nml forms ot the genus m eaoh coho Note that 
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the “double” heads of these Composites are very diffoient m nature 
from the “double "floweis of Rose, efco 

Ileluvnthm and its allies aie distd by having scales on the leo 
between the firs , and opposite leaves, II annmt* and otlieis (iStui- 
flowors) aro cultd for then firs (exuimne a head, noting the laige 
Roalo to eaoh fli , the neutei ray-fhs with uutootlied ligule, the calyx 
of 2 5 soales—largei in thediao-tirs ), while II lubeiosus (“ Jeiusalem ” 
AitiohoUe , Italian (/irasole = “turning to the sun ”) lias tubeis some¬ 
what like those of Potato, bub oortaimng inulin (as m Dahlia loot- 
tubeLs), Htliopsis (Orange Sunflowei), akin to Ileliantlius , 1ms long 
Honato leaves , JRnttbecLia (Cone Flower) is distd by having the reo. 
conical instead of Hat, Coreopsis (Tickseed) lias curious akenes, Hat on 
one side, oonvex on the otliei, ornwned by 2 horn-like appendages, 
head gen with only 8 ray-flrs , Zinnia is similai, with few lav-nrs. 
(in the “single ” foim, the “ doubles ” aie inuoh cultd ), Dahlia lias a 
double inv (with numerous outeL braots spieadmg or retiexed, and 
about 8 inner ones joined at base), lec. with laige soales, no pappuB ; 
Cosmos (Fennel Dahlia) also 1ms a double inv (about 10 bracts m each 
seueB), akene with 2-4 bustles 

Tayetes (Fienoh, African, and Mexican Mangolds) is pooulmi 111 
having a oup-like inv of (gen ) only 5 bracts joined nenily to top, 5 01 
more ? ray-flis , each fir. with calyx of 5 small sepals (1 replaced by 
a bristle m case of disc fits ) , the firs aie veiy suitable for dissection 
(“ single ” foims) 

Calendula (True or Pot Mangold) has mimoious £ lay-flrs 111 2 or 3 
circles , diso-flis J , no pappus In Gadlaidm (Blanket Flower), akm 
to Tagetes t the reo has bristles between the firs , and pappus — 5 
bristles Hefomum (Eleaampane), allied to Inula 9 lias mv -biaots 
joined at base and a senes of biaots within the ray-firs (hgule 
3-lobed at tip), pappus = 5 bristles , seveial species of Inula are 
cultd 

Several kmds of Senecio (Ragwort) aie gtown (the endless vais of 
Cinerarias belong to this genus) , the allied genus Doioniami 
(Leopard’s-bane) is distd by its raj-firs having no pappus 

Allied to the Daisy (several “double” varieties of which aie cultd ) 
are the following —Astei (Michaelmas Daisy, lalllate-flowenng peien- 
mals, never double), with inv of nunieious overlapping bmets and flat 
akenes with hairy pappus 

Callistephus (China Aster, annuals, large heads, often double) has a 
double pappus (outer = short united bristles, inner = long bans) , 
Chnysocoma (Golden Aster) 1ms small spheucal heads, all the firs, 
tubular and , pappus simple , Charieis (Cape A^ler) 1ms a double inv 
(outer braots flat, inner keeled), reo pitted (pits toothed at edges) , 
Bi achycoma (Swan-river Daisy), allied to Beilis (Daisy), dwaif annuals 
with deeply-out leaves, leo oomral, pappuB of sliOLt lmns ; of Sohdago 
(Goldenrod, “Golden Spiraea”) many vais are grown, distd by the 
rod-like stems (gen unbranched), senate loaves, hmall heads (ray-firs 
gen 5) in spikes or racemes, often all turned to ouo side, sometimes 
diooping , Ei igeion (“ Fleabane,” “ Orange Daisy ”), small plants with 
numerous narrowly-ligulate ray-flrs 
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Besides Cfo'ysajithcmum itself, with double vara (single kinds—Mar¬ 
guerites, Moon Daisy, Shasta Daisy, eto—lesemble Ox-eje Daisy in 
stiuetuie), several closely-albed genera aie gLown Pyrethrum (flower¬ 
ing summer and autumn) has pappus lepd by scaly collar , Pai ihemum 
(Feverfew) has gen 5 lay-flis , reo with &oales, akene flat with 
pappus of 2 scales Leptosyne has outer mv of gen 5 bioad spieading 
bracts, and inner of seveial eiect biacts on the Maiguente-liko fli - 
heads 


558. Mechanisms in Compositae.—The general struc¬ 
ture of the flower is remarkably umfoiin tin ougliout tins huge 
family As regaids the number of floweis m a. head, we get 
every tiansition from the single-floweied heads of G-lobe 
Thistle ( Echuiops , cultd ), tlnough the few-floweied ones of 
Hemp Agrimony, etc , to the huge heads of Sunfloweis with 
hundreds of flowers 

In all cases the head ib surrounded by an envelope (invo¬ 
lucre) of bracts, which may be m one oi two cncles, or spirally 
anonged and numeious, generally fiee but sometimes joined, 
and which in some cases peifoim “ sleep ’’-movements or close 
up on being moistened The mv -biacts aie usually gieen 
and theiefoie cany on assimilation, but they seive mainly to 
piotect the young floweis and, later, the developmg fruits, so 
that they peifoim foi the Composite flower-head the same 
functions that m most othei plants aie peifoimed by the calyx 
of the individual flower "When spiny, the involucie piotects 
the floweis against biowsing animals, and when the spines are 
hooked {eg Bui dock), it selves tor animal dispersal of the 
“ seeds ” (akenes) 

Since the oidinary functions of the calyx aie tiansfened to 
the involucre, the sepals of the individual flowei s are rendered 
unnecessary m this respect, and aie often lepiesented only by 
a few small scales (free, or joined to foim a collar) oi bristles, 
but in many cases it forms a pappus of long bans which may 
he sessile oi laised, after feitiliBation of the flower, on a long 
stalk The pappus-hairs are either rigid oi silky, and eithei 
simple (unbranched) or bearing minute knobs or secondaiy 
hairs (feathery pappus), they are usually hygroscopic, 
spreading out like a parachute m dry an and forming a most 
elective means of wind-dispel sal, and at the same time help¬ 
ing to loosen the fruits and detach them from the receptacle 
In some cases, e g Bidens (Bur Mangold), the pappus 
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consists of barbed bristles, serving for animal-dispersal In 
Composites without a pappus the receptacle often contracts 
in diwing, so as to loosen and even ]erk out the fruits 
(Sunflower, etc), or becomes conical (Daisy, Eudbechm, 
etc ), so that the fruits may be more leadily carried away by 
wmd 

The common receptacle which cairies the flowers—the 
enlarged end of the flowering axis—is generally flat or rather 
convex, and is either naked or beais bracts corresponding to 
the individual flowers In some cases each biact is divided 
into numerous bristles (e g Knapweed Thistles), or is lepro- 
sented by a fringed collar at the base of each flower (e g 
Cotton Thistle) 

The corolla is eithei tubular (geneially having a narrow 
lower part and an expanded upper part with five lobes) or 
zygomorplnc {the tubular corolla is generally symmetrical, 
but sometimes not stnetly so —eg m cornflower). Of the 
zygomorplnc corolla there aie several types [In Mutisia 
(some species giown as climbers, tendril = pi olongation of 
leaf-tip) and its allies (tropical plants) the fioweis (or at 
least the outei ones) have a 2-lipped corolla, the longei lip 
3-lobed, and the shorter lip 2-lobed ] In Dandelion and its 
allies (Hawkweeds, etc) the mouth of the coiolla is drawn 
out, on the outer side of the flower, into a stiap with five 
teeth at the end, this is the true ligulate type. In most 
heads of the Daisy type the strap-like lower hp of the ray- 
flowers is either entire or divided into tlnee lobes at the end 
Other “falsely ligulate” types are seen m the numerous 
“ double ” varieties of Dahlia, etc 

The Composites are practically all insect-pollinated, and 
have a beautiful and effective mechanism of a comparatively 
simple type, alieady described for Dandelion (Ait 518) 
Tlie grouping of the small flowers into heads—an arrange¬ 
ment not peculiar to Composites but found m many other 
families, e g Scabious, Sheep’s-bit, Sea-Holly, Clovers— 
bungs about a saving in corolla-material, besides enabling a 
single insect-visitor to pollinate seveial lloweis in a short 
time and causing the flowers to form a conspicuous mass 
(this is heightened by the frequent arrangement of the heads, 
when small, in corymbs or racemes, or even—m G-lobe Thistle 
—compound heads, i e heads of heads), 
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The most striking arrangement is that m which the outer 
floweis, forming the ray, differ from the inner ones in having 
lig ula te corollas, or larger tubular corollas (Cornflower) In 
such cases the outer flowers are generally female and the 
inner ones hermaphiodite, this is probably due simply to the 
extra material for the laige corolla of 1 ay-flowers being sup¬ 
plied at the expense of the stamens, and these floweis are 
m many species rarely fertilised—m some cases they are 
completely sterile, having no style or ovule (Cornflower) 

Cross-polhnation is made inevitable in a few cases, owing 
to the flowers bemg unisexual, the male flower having an 
empty ovary and a st} r le which acts only as a pollen-piston 
In some such plants the head contains only male 01 female 
flowers, and the male and female heads are on separate 
plants, eg Saw-wort (Serratula), Cheeping Thistle ( Carduus 
arvensis ), Butteibur (Petasites ), m Calendula (Pot Mari¬ 
gold) the head has a few ligulate female floweis and 
numerous tubular male cbsc-flowers, Coltsfoot ( Tus&ilago ) 
has been fully described (Ait 520) Even when all or most 
of the flowers aie hermaphrodite, the flowers open successively 
towaids the centre of the head, so that pollen will usually 
be brought by insects from anotbei head, failing that, self- 
pollination nearly always occuis eventually owing to the 
cuilmg-back of the stigmas 

The mechanism of the essential parts is practically unifoim 
m the whole family The union of the antheis to form a 
tuba is apparently due to their edges secietmg gum,^ which 
sticks them together, and not to “congenital growth as in 
the cases of the gamopetalous corolla, monadelphous stamens, 
etc In most cases the corolla-tube is short enough to allow 
all except the shortest-tongued insects to leach t.he honey 
secreted by the rmg-like nectary at base of style The depth 
of the tube vanes considerably, but in most cases the lower 
part of the tube is so nanow that the honey rises in it and 
can be sipped by long-tongued flies and slioit-tongued bees , 
the longest-tubed forms (Centaur ea, Thistles, etc ) are chiefly 
visited by buttei flies and the long-tongued bees, the short est- 
tube forms {eg Milfoil, Daisy) by flies It is interesting to 
watch a Michaelmas Daisy (Aster) m a gaiden on a line day, 
and to note the gieat vanety of the insect-visitors—flies of 
all sorts, bees, wasps, butterflies 



THE COMPOSITE FAMILY 


445 


Most species of Centauiea have irritable stamens, sensitive 
to contact When an insect toncheB the stamens, the fila¬ 
ments contract and fotce a mass of pollen out from the top 
•of the anthei -tube. The mechanism is easily observed in the 
Cornflower With a camel-hair brush or a pointed match- 
stick remove the pollen pi ojectmg from the anther-tube of a 
newly-opened flower (in which the style has not yet grown 
■out), and note the thiead of pollen which emeiges 

Next caiefully slit open the corollas of a few young flowers 
removed from the flower-head, set the flowers in a watch- 
glass or on a glass slide under a bell-jar for a tew minutes (to 
let them recovei), then touch the filaments and note their 
writhing contraction Each filament can be made to contract 
independently, pulling the anther-tube over to the corre¬ 
sponding side, as well as drawing it downwards, so that the 
pollen-mass piesent above the style is squeezed out and 
carried away on the msect’s head 

Artemisia (Mugwort, Wormwood) is peculiar m having 
flowers adapted to wmd-pollmation The pollen-gramB are 
smooth (not spiny or ndged, as m othei Composites), dry, 
and powdery, and the small dingy flower-heads are on long 
flowenng stems earned well above the large leaves, the heads 
droop in Sea Wormwood The anther-tube pro]ects a little 
beyond the tubular coiolla, and has bristles on its upper 
edge which hold the pollen m a sort of basket, so that it may 
be gradually blown away Then the style emerges and the 
stigmas spread out, each stigma has a large fanlike fringed 
end, presenting a large surface to receive pollen 


QUESTIONS ON CHAPTER XXIII. 

1. Desonbe the vegetative organs (root, Btem, leaves) of a Dandelion. 
Why is this plant a troublesome weed in lawns v 

*2 Describe the arrangement and shape of the leaves of a Dandelion. 
What differences in the leaves have you noticed in plants growing in 
diverse habitats, and how may these differences be explained 9 

3, Describe the structure of the flower-head of a Dandelion Why 
is it wrong to oall the head a flower ? 



446 


THE COMPOSITE FAMILY. 


4 Describe the structure of a single Dandelion flower, and relate any 
observations and experiments you have made on its biology, stage by 
stage 

5. Give a general acoount of the life history of a Dandelion flower- 
head as seen by watolnng the same plant day by day from the time it 
is first visible How often did the head open and close? For how 
long did it remain open during a single day ? Did it open every day— 
if not, on what sort of day did it {a) open, (&) remain olosed’ 

6 Describe, from your own woik, the adaptations of the floweis 
of Dandelion for oross-pollmation by inseots Is there any provision 
for self-pollination’ If so, explain the mechanism, with a senes of 
Bketolies (from the aotual plant) 

7 Describe the way m which a Daisy spreads over a lawn Com- 

E are it in this respeot with the Dandelion. How many young plants 
ave you observed in course of formation by the parent plant ? Why 
do you suppose the Daisy lesorts to tins method of spieoding apart 
from seeds ’ 

8 Compare the flower-heads and flowers of Daisy with those of 
Dandelion Whioh plant seems, from your own observations, to pi o- 
pagate itself most freely by seed ’ 

9 In how far may a Daisy flowei-head be compared with a flower ’ 

10 In what sort of locality, and in what sort of soil, have you seen 
Coltsfoot growing ? How does Coltsfoot spread (apart from seeds) and 
what makes it a tiresome weed m fields ’ 

11. Desonbe carefully the appearances presented by a Coltsfoot 
plant month by month throughout the year that is, give a brief 
“ c diary” of its yeai’s life, noting suoh points as the time when the 
flower-head is nret formed, wheu it emerges from the soil, when it 
opens, how long it remains open, when it closes again, when it re¬ 
opens to let the fruits escape, when the leaves emerge, ho'vv they 
expand, etc 

12 Describe fully the flower-head and floweiB of Coltsfoot, and com- 

6 ire the pollination arrangements with those seen in Dandelion and 
aisy. 

13 Why are the Composites called “an aggressive and suooessful 
family ” ’ 

14 Wnte an account of the “division of labour” seen in the flower- 
heads of Daisy and Coltsfoot 
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THE IRIS AND LILY FAMILIES. 

559. Monocotyledons and Dicotyledons. —As already 
stated (Art 415), the Flowering Plants are divided primarily 
into two groups—a lower gioup (Gymnosperms, Ch XXVI) 
and a higher group (Angiosperms) The latter is divided 
into two classes—a lower class (Monocotyledons) and a 
higher class (Dicotyledons), the former having an embryo 
with one cotyledon, the latter an embryo with two cotyledons 
Even this distinction is not absolute, and the other distin¬ 
guishing marks are even more liable to exceptions if taken 
singly, but on the whole it is always easy to tell a Mono¬ 
cotyledon fiom a Dicotyledon 

Monocotyledons generally have the stem-bundles scattered 
in cross-section, the individual bundles are " closed ” (without 
a cambium-layer), the main leaf-bundles (veins) are parallel 
and connected by delicate cross-veins, and the flower-parts 
are m threes In Dicotyledons the stem-bundles are generally 
arranged m a single ring as seen m cross-section, the bundles 
are “open” (with cambium between bast and wood), the 
finer leaf-veins form an irregular network, and the flower- 
parts are in twos, fours, or fives Very few plants “ break ” 
more than two or three of these rules, and probably no plant 
breaks them all, in exceptional cases the plant’s position is 
usually easy to define on its general affinities, instead of by 
applymg more or less arbitrary laws 

560. Crocus. —The hfe-history of Crocus should be care¬ 
fully studied by continuous observation, according to the 
following detailed instructions 

Note that a dry resting-corm is almost entirely covered 
by brown scales, tlnn and dry What can you see of the 
structure of the scales ? Pull off a bit of this scaly covering 
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which surface (outer or inner) is rough and dull, and which 
is smooth and shiny ? In which direction can the scales be 
tom easily, and why ? Do the strings or fibres, of which the 
scales axe almost entirely made up, run parallel, or do they 
diverge and form a network, or do they show both of these 
arrangements? What do you think the strings are, or at 
any rate weie at one time ? 



Fig 148 —Orouiia. A, Entire Plant just before the Flow er has opened, B, Gorm from 
below , C, Bide view of Oorm , D, Flower as soen from above 


Now look at the flat or concave lower end of the “ bulb ” 
(how can you tell which is the lower end ?) and notice the 
roughly circulai patch Unless you have examined Crocuses 
after they have been dug up when the growth of flowers and 
leaves had finished foi the season, you cannot tell how this 
patch was formed. What can you see on the lower end of 
the “ bulb,” just outside of this patch ? Sometimes one can 
plainly see numerous short slender white pointed projections 
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in tins part, ananged m a ring If you can see these, you 
should be able to guess what they are. 

How remove the scales carefully one by one, staitmg from 
the lowest Notice that each scale goes light round the 
“ bulb,” and that on removing it you can see a brown line 
wheie the scale was attached (Fig. 148). 'What name might 
be given to each of these lines ? What name is given to the 
place wheie a seed breaks from its stalk, or a leaf from the 
stem p Would you call the hard white sohd mass to which 
these scales are attached a stem? We know that a stem 
bears leaves and buds As you remove the scales, notice 
that they become moie crowded at the top, so that the scars 
are closer together here What do you see projecting from 
this upper end ? Can you find any similar piojections lower 
down i 3 In most cases you will find one between any two 
neighbouring scais What are these projecting bodies P 

From these observations you should be able to infer that 
the “bulb” is a slioit th ck stem beaiing buds. It is dis¬ 
tinguished from most bulbs (Onion, Tulip, etc ) by having a 
thick stem and tlnn diy scales instead of a veiy small stem 
and tlnck fleshy scales , it is therefore called a “ sohd bulb ” 
or corm. 

How pick off one of the large buds from the top of the 
conn, and very carefully dissect it, making a sketch of the 
entne bud and of each part you remove from it Notice first 
the scales: how many are there, how aie they inserted 
(trace each one caiefully to its base), how do they resemble 
the scales you picked off the corm itself, and how do they 
differ fiom these ? Next notice the young yellowish or green 
foliage-leaves, each having a broad base inserted like a 1 mg 
around the lower part of the bud; this part is not easy to 
make out clearly, so you may have to try several buds 

What do you find in the centre of the budP In most 
cases you will find one, two, or (in some Ciocuses) more 
tapering, pear-shaped bodies covered by a papery sheath, 
and tapering to a point above and into a stalk below Each 
of these bodies resembles a bud what kind of hud can 
it be ? Peel off the sheath what do you find inside ? This, 
then, is a flower-bud, containing a young flower Notice 
the long tube ending above in six pointed oval lobes; the 
stamens (how many P), which are already very large as 
b v m 29 
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compared with the “ petals ”; the style, ending in three fan- 
like stigmas 

Now examine some Crocus plants m flower and in earlier 
stages of growth, 01 plant some corrns m moist sawdust 01 
soil ijust as you did with seeds of the Broad Bean and other 
plants), and watch their growth Notice the swelling and 
upward growth of the buds, the roots which spnng from 
the base of the corm, arranged m a ring, the sheath, con¬ 
sisting of the enlarged bud-scales, which covers the young 
shoot until it has grown well above the surface of the soil, 
the bursting of the sheath and the appearance of the foliage- 
leaves, which are now bright green m coloui , the escape of 
the flower from its sheath, which consists of two white mem¬ 
branous leaves (bracts). 

Examine the flower carefully, noting and comparing what 
you see m floweis in different stages, or m the same flower 
day by day from the time of its emergence from its sheath 
Note the six coloured lobes, three outer and tlnee inner, 
which form the most conspicuous portion of the flower, and 
which arise from a funnel-like structure, prolonged below into 
a long narrow tube The tube, funnel, and lobes together 
form the perianth, this term being used when there is no 
clear distinction into calyx and corolla But it would be 
simpler to call the thiee outer lobes “sepals,” the tlnee 
inner ones “petals,” and the tubular part the “flower- 
tube ” 

Note the three stamens, each consisting of a long anther 
(showing the four pollen-sacs very distinctly) and a short 
filament the latter is inserted on the mouth of the flower- 
tube, opposite a “sepal,” and the stamen is spear-shaped 
owing to the anther being produced into a sharp point on 
each side of its base (where the filament is attached). Note 
the three fan-like stigmas, with more or less toothed or 
frilled edges, continued below into the style; cut open the 
flower-tube and trace the slender style right down. Both 
the style and the flower-tube arise from the top of a swelling, 
the ovary, cut the ovary across and notice the nun&rous 
“young seeds” arranged in two longitudinal rows on the 
inner side of each of the three ovary-chambers. Below the 
ovary is the flower-stalk, the bracts spring from this stalk, 
just below the ovary. 
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Close observation of a flower day by day will show that the 
lobes spread out in the daytime and move inwards at night, 
thus causing the opening or closing of the flower The flowei 
opens when exposed to light, sufficient warmth, and dry air, 
whilst its closing may be caused by coldness or dampness of 
the air as well as by darkness The movements of opening 
and closing can, by caieful measurement, be shown to be 
caused by the outer sides of the perianth-lobes growing faster 
(closing movement) or moie slowly (opening movement) than 
the inner sides What are the advantages to the flower of 
this powei of opening 01 closing? What other plants, grow¬ 
ing wild or in gardens, have flowei s which open on bright 
days and close on dull or wet days and at night ? For how 
many days does a Crocus flowei last ? 

It is ea 9 V to discover that the anthers open by two slits, 
shedding the pollen outwards, i.e away fiom the centre of 
the flower, that this happens while the stigmas are in contact 
with each other, and that a day or two after the anthers have 
opened the three stigmas sepaiate and spread out, one opposite 
each inner penanth-lobe Do you see how this helps m 
promoting cioss-polhnation ? The Crocus flowers are visited 
by bees, butterflies, and moths 
The Crocus contains honey m abundance, as can easily be 
seen by opening up the perianth-tube, the honey, produced 
by glands m the partitions between the three ovary-chambers, 
rises up the tube and can be sipped by bees entering the 
flower. The bee stands on the penanth-lobes and pushes its 
head into the funnel-hke mouth of the tube, seeking for the 
honey, and in doing tins it touches the stigmas (if these have 
3 pread out) and then the stamens If, however, cross-pollma- 
bion fails to occur, the stigmas may cuil over and touch the 
anthers, bringing about self-pollination. 

After the flowering period the perianth, stamenB, stigmas, 
and style wither, if fertilisation has occurred the ovary grows 
larger and forms the fruit, which later on is earned upwards 
by the lengthening of the flower-stalk. The fruit (capsule) 
ipens about the end of June (m Spnng Crocuses) and 
splits down the middle of each chamber, setting the seeds 

"j*00« 

Long after the flowers have withered the foliage- leaves 
oersist, carrying on photosynthesis and storing up food. 
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slioot that has grown fiom a hud on the conn The latter is 
now withered and shrunken, while the swollen shoot-bases 
aie fresh and plump Cut vertically thiougk one of these 
swollen bases and note the solid white mass, which is obviouBly 
a young corm The young corm is formed by the swelling of 
the base of the stem, and its cells contain food which has 
been made by the leaves and has travelled downwaids for 
storage in the young corm. Of what nature is the stored 
food m the Ciocus conn ? 

The new corms continue to grow m size until the foliage 
leaves die and wither, when they will be found to have become 
as large as the paient conn (to which they are attached) was 
when planted Thiee or four, or even more, new conns may 
be developed m this way on the parent corm G-aideneis 
usually dig up Crocuses after the leaves have witheied, and 
the young coims, which leadily bieak off from the old 
withered corm, are stored in a dry place until the time comes 
for planting them In this way the number of coims is 
multiplied, and m most cases gardeneis do not trouble to 
iaj.se Crocuses from seed Hence by the formation of corms 
the Crocus is not only enabled to last from year to yeai, i e , 
to become a perennial plant, the production of several new 
corms on each old one is a method of vegetative multiplication > 
i e increase apart from seeds 

Now we cau explain certain features of the dry Crocus 
corm What is the patch at the base of the corm ? Simply 
the scar wheie it separated from its parent corm The biown 
stringy scales are, of course, the withered bases of the bud- 
scales and the foliage-leaves However, compaie carefully 
the parts of the fresh young corm with those of (1) a dry 
corm, (2) a bud on a dry corm, (3) a shoot which has giown 
from a bud 

Crocuses are divided into two groups aocordmg to the time of year 
when they produce then flowers. Some of the heat known Spnng- 
tiowermg Crocuses (flowers February to beginning of April) are Giocua 
aureus , the Common “ Dutch Yellow ” , G mimanna, the “Clotli of 
Gold”; G venma (flower white oi purple, lea\ es ribless), G biflorua 
(flowers white or lilao, loaves Bliort eiect narrow with white midub). 
Among Autiimn-fioworing Croousos are C nudtfloma and G satimia 
(Saffron Croons), the latter ib easily distinguished by its very lar^o 
scarlet stigmas Spring Crocuses should bo planted in the garden m 
September oi October, Autumn Croouses in July. 
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Fig J4A —Vuifckn.1 Hoothm of Flowoi of Irln 
(Aftui 01 m roll ) 

On tholoftnronhcnwi nn outoi iHiriunth Hogniunt, 
ft potalohl Htylo entire, mill an inner poHboi Joi 
jioiijvntil BUgmont out In liftlf On the right 
an outer aiitoihn poriuntli Hogment. unci u 
etylo ftio out in half Hhuwing u Hfcamon lying 
Iwtmwn thorn , ftt the buck Jh ft Juteml inner 


561. The Crocus and 
Iris Family (Irida- 
ceae) is easily diNtin- 
giusliod from other 
Moiiocofylodons by tho 
petaloid ii-lobed perianth, 
the 3-chamberod mfonor 
ovary, and the 3 sl-ameiiH 
(this marks if- from the 
Daffodil Family—A mii- 
ryllidaeeao — iu which 
there are 0 stamens). 

The order ih divided into 
tlneu tribes or sub-ordeiH. 

562. Crocus Tribe. 

Flowers tegular, tounirml, 
single or with other axillary 
iloweiH (each m a Hpntliu) pi o- 
diuscd m oentrifugal order 
rumitl the central flower ; 
stem a conn, —Crocus. Two 
species of Ciorus [C rtnin#* 
Q , 7 lu(lijlontn) aio “natma 
Used” m liiitam, hut not 
tine nativeH 

563. Iris Tribe Flow¬ 
ers, genet ally regular, in 
many-flowoml milorosaenuoH 
with HpatlicH, each spntho 
enolosmg Hovoral ilowm’M \ 
stem a bulb or rhizome. 

Study tho 2 British species 
of Jw# 

Yellow Flag 1 (/ pmiuht- 
torus)) m wot places, linn 
a stout oroepnig ihi/omc; 
leavcH long, hwm d-shaped 
with “ or pH taut *’ Ihihoh (V- 
shaped m oroHH-Hccttnn and 
overlapping oaoli ntlior); fir. 
with a i 7 -tube and (i JMo1>uh 


poiiftiith Heguionb (iiotftl), H = Htignift. (outor 3 ovale, spreading, 2 

ms long, contracted, at Ijohu 
into an elect broad olaw, inner 3 smaller, oblong, and inclined upwards); 
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A3, opp outer P-lobea, style baa 3 large petaloid branches, each covei- 
ing a stamen and beanug on its lowei Bide, just beyond the undeilying 
anther, a small flap whose uppei aide ib stigmatio Neotar is pieBent 
at the base of the flower, seoieted by the lower part of the perianth- 
tube , the larger outer perianth-leaves form a landing-plaoe foi the 
mseot, wlnoh in probing for honey first touches the stigma The 
anther opens on its outei face, but as it lies below the stigma the 
entering bee touches the pollen after rubbing the stigma, and in retiring 
from the flower it pushes the stigma-beanng flap upwards, so that 
Belf-pollination is pi evented ; fruit a 3-valved capsule, seeds pale- 
brown, with haid coats See Fig 145 
I foctidimma (Roastbeef-plant), in drier places, veiy common in 
S Eng , has narrowei and shorter leaves ; flis smaller, outer P-lobes 
obovato and purple, inner yellow , seeds orange-red with fleshy ooats 
The numerous oultd Iiises are divided into 2 classes—“ bulbous ” 
(with conns) and “ tuberous ” (with ihizomes), the former includes 
the so-called English IriseB (I xiphoidea ), Spanish Irises {I xiphium), 
I pernta, etc , while the rhizomatous Irises are classified according to 
whether the perianth-lobes have no “ beard” of Bbiff hairs (7 st&mca, 
T pneudacoms, I foetidisftima, etc ) or aie bearded along the midiib, 
some having all the 
lobes bearded (/ Jalci- 
foha , eto ), most having 
only the 3 outei lobes 
bearded, either along 
both limb and claw (7 
su8iana , etc ) oi along 
the olaw only (7. floren- 
tina , 7 germ antca, 7 
pujtnla, eto ) 

[Tigei Flower (Ti- 
fp idia , bulbous, oultd ) 
differs from Iris in hav¬ 
ing P-tubo very shoit, 
sta joined at base to 
form a long tube, style- 
arms slender and 
foiked at ends, the 
large spotted yellow oi 
orange firs, lost only 
about 12 hours ] Sisy- 
vmchium ( * ‘ Blue eyed Fig mi —Corm of Gladiolus after lemoi al of 

Gross,” rhizome)ooours enveloping Males 

in bogB in Kerry and The Dud forms the Corn of next year, the Accessory 
Galway, alBO oultd in Dud separates and foniu a new plant, 

guldens; P-tube short 

with equal spreading lobes, sta. joined at base, Btyle-arms slender 
and unbranohed (alt with sta ). [Libertia, oultd., is similar to S , but 
sta free Witemia, oultd , with thiak rhizome and Ins-like leaveB ; 
P-tube long with equal lobes, style simple with 3 short stigmas ] 
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564. JjdLa Tribe —Inflorescence os in Ins Tribe, bub flowers often 
zygomorphio and each flower m a separate spatlie ; stem usually a 
cornu The only British species is the L om Flag 1 (Gladiolus illyi tens ), 
only m Hampshire 

Examine a cultd Gladiolus , noting the large corns, which often 
remain connected in chains (Eig 146) The perianth-tube is curved 
and the lobes unequal. 

[Ixia (P-tube straight, slender), Babiana (P-tube funnel-like, throat 
dilated, lower lobes streaked and spotted), Crocosmia (P-tube ourved, 
lobes spreading and star-like), Sclazoatyhs (rhizome), have the P nearly 
reg , but the flr is more or lesB distinctly zygomorphio (2-lipped) in 
Tntoma (=» Montbrelia), Sparuxis, Anomatheca , which have 3 simple 
style-armB, and m Free&ia (P-tube long) and Watsoma (P-tubo very 
short), which have eaoh style-arm forked ] 


565. Bluebell or Wild Hyacinth (Scilla nutam) is one 
of the most familiar of sprmg-floweimg plants It grows 
best in woods which are not too deeply shaded, but it sends 
up its leaves aud flowers eaily in the year, thus gaining the 
benefit of the light and of insect-visits before too many other 
plants have joined in the competition. By the end of May, 
when the wood has become darker with the full foliage of 
the trees, the Bluebell has ceased flowering 

Note the long (9 to 18 ms.) and narrow (about £ m ) leaves , 
the flowering shoot which grows, as a rule, beyond the 
leaves, the bell-shaped perianth, the six parts of which aie 
fiee, or joined only at the bases, the stamens, one inserted 
on the base of each perianth-leaf Below each flower there 
are paired bracts, which help to pack up and protect the 
flowers in the bud-condition Note the blue colour of bracts, 
pei lanth, filaments, and pistil The latter consists of a ribbed 
ovary (cut it across and note the structure), style, and tlnee- 
lobed stigma (the lobes are often veiy faintly marked) 
Honey is found along the grooves which run down the out¬ 
side of the ovary, the nectanes or lioney-producing glands 
are m the partitions between the three chambers of the ovary 
The flowers are sometimes pink or even white, instead of 
having the typical blue-purple colour The flower-stalk is 
erect until the flower opens, then it bends down and the 
drooping flower is protected agamst ram, which would spoil 
the pollen and honey, finally, when the fruit is ripe the 
stalk curves upwards again, so that the seeds are shaken out 
gradually from the three slits into which the capsule opens. 
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Visit plants at intervals, so as to observe all the changes 
winch occur from the tune the leaves and flowers emeige 
from the soil until the ripe capsule opens to let the seeds be 
scattered by the wind. Dig up a few plants each time you 
visit a place where Bluebells grow, a useful plan is to tlirust 
sticks into the soil to mark the positions of the plants, so 
that you can get the underground parts after the leaves and 



Fig 147 —Bluebell Bulba 

A ftnd B allow tlie wrinkled contmotilu root which pulla the bulb down into the boi! 


flowering shoots have died down “ The Bluebell is a plant 
which carries on a considerable part of its activity under¬ 
ground. At all times of the year Borne work is going on, 
and although much of it is hidden from view, a study of 
this underground histoiy constitutes one of the most inter¬ 
esting phases in the life-cycle of the plant ” 1 


1 Woodhead, “ Notes on the Bluebell,” NatumUnt , 1904 
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Examine the swollen lower portion of the Bhoot, which 
often lies about a foot below the surface of the soil Tear 
off the thin outer scales (leaf-bases) which surround it, and 
note the white, sticky, fleshy scales which make up the 
greater part of the swollen mass. Cut (1) transverse and 
(2) longitudinal slices through this mass, and notice in 
the lattei the small disc-hke stem fiom which all the 
scales arise, and which bears roots on its lowei surface and 



Fig 148 —Sooly Bulb of 1 uik’B Cap Lily 
A, Entire , B, Median Longitudinal Seotiun 


buds on its upper surface This structure is a bulb (Fig 
147) It differs from the corin of the Ciocus chiefly in the 
relatively smaller size of the stem, and in its investment by 
thick fleshy scales, which contain large stores of reserve 
food. In scaly bulbs (Lilies, Fig 148) the food-containmg 
scaleB, of which the mam bulk of the bulb is composed, 
simply overlap at their margins, wheieas m tunica,ted bulbs 
(Bluebell, Onion, Hyacinth) the outer leaves are large and 
completely ensheath the inner portions of the bulb. The 
coloured membranous covering on the outside of such bulbs is 
formed by the shiiveiled remains of the leaves of a previous 
season 



THE IRIS AND LILT FAMILIES 


459 


The bulb of a Garden Hyaointh, a Daffodil, and an Onion should be 
•examined, since the parts are more easily observed than in the Bluebell. 
The bulb is largely oomposed of the enlarged persistent bases of foliage- 
leaves, but it also includes a certain number of scale-leaves A bud 



Fig L4\» —Vertical yootlon of Flowering Bulb of Hyaointh In ypilug, with a lateral 
bud enclosed by a pah of aoole-leaves 

The shaded portion on the left maiks tills yeai’s growth on that side. On the light 
tho hud of next year Is shown 


arises in the axil of the innermost leaf, and next spnng this will 
develop into a flowering axis, surrounded by a number of foliage-leaves, 
and outside of theBe a few soale-leaves The outermost scales of the 
pievious year shrivel, tho inner oneB persist, together with the bases 
of the foliage-loaves, and the enlarged axillary bud now forms the 
oentral portion of the new bulb. This may continue for several years, 
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but ultimately two or more buds develop 111 tbe uaiIb of the upper 
leaves Aa they grow they ruptuie the patent bulb, and are set heo, 
after having absorbed a large amount of nourishment from it TIhh is 
especially well seen in a Narcissus bulb Buds, composed of st alo 
leaves enclosing foliage-leaves, may also develop m the axils ot tlm 
outer scale-leaves See Fig 149. 

We saw that the Crocus coun contains abundant starch . 
what reserve food is piesent m the Bluebell and these other 
bulbs? On testing a sliced bulb with iodine we find flint 
the Bluebell contains veiy little staich, the Onion none at all 
The chief food stored m the Onion is sugar, aB can be proved 
by means of Fehlmg’s test, while the Bluebell bulb contains 
chiefly a carbohydrate substance called mnhn , which loscm- 
bles starch in composition but is soluble m water (less so 
than most sugars, however) 

The undeiground life-history of the Bluebell is very 
interesting, and the main points, as leg.irds external features 
at any rate, are fanly easy to make out Young seedlings 
can be dug up in Octobei 01 November, older ones in May 
and June, but if you cannot find the seedlings m the soil 
bring some capsules home and sow the black globular seeds. 
The germination is similar to that of the Onion 

566. The Lily Family (Liliaceae) consists chiefly of 
perennial herbs with bulbs (Lily, Onion, Hyacinth), rhizomes 
(Solomon’s Seal, Lily of the Valley), or conns (Meadow 
Saffron), but the order also includes a few shmbs (Butcher's 
Broom) oi even trees (Yucca, Dracaena) The Butcher’s 
Broom has flat green branches (cladodes), and the fine 
leaves aie represented bv small scales , it flowers throughout 
the colder months of the year, the floweis (borne on the 
cladodes) usually bemg dioecious (some with stamens only, 
others with pistil only). Asparagus also has small scaly 
leaves and tufts of gieen (generally needle-like) branches 
which carry on the functions of foliage-leaves; sometimes 
these cladodes are flattened That the cladodes of Butcher's 
Broom and Asparagus are really branches is shown by the 
fact that they bear flowers, and that they aiiso in the axils 
of scales (the true leaves) on the stem. 

The flowers are regular and hvpogynous. The flower-parts 
outside of the stamens aie all eoloiued, and do not differ 
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mucli, if at all, in form, they are therefore said to form a 
pmiantli The perianth nearly always consists of six parts, 
rarely of eight parts (eg Heib Paris, Aspidistra), and 
usually there is a division into three inner and three outer 
parts There are usually six stamens, arranged in two series 
(whorls), outer and inner The pistil usually consists of a 
three-chambered ovary with numerous ovules m each chamber, 
i \single style, and a 3-lobed stigma Note that m Bluebell 



it 



Fig 150 —Long! tu linftl Sootlon and Floral Diagram of Flower of Otu lim Hjiidiitli 


and Tulip the perianth-parts are free from each other, whilst 
m the majority of Lihaceae (Fig 150) they are earned up as 
lobes ou the margin of a tube, the stamens being inserted on 
the inner side of the tube 

Both self- and cross-pollination occur, most of the flowers 
being adapted for long-tongued insects In Aspidistra 
(“ Parlour Palm ”), which belongs io E. Asia, the flowers 
are produced close to the ground, and me pollinated by small 
insects which creep through openings between the four large 
stigma-lobes (according to some accounts the flowers are 
pollinated by snails) In most Liliaceae honey is produced 
by glandular tissue m the partitions between the chambers 
of the ovary In Colchicnm honey is secreted on the outer 
side of the filaments of the stamens, at the bases of their free 
parts, not m the long perianth-tube In Tulip and Garlic 
there is no honey, but the flowers are visited for pollen. In 
Herb Pans the dusky colour and fetid smell of the flower 
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attract carnou-lovmg flies, wliicli alight on the stigma and 
then crawl over the anthers, becoming dusted with pollen. 

The fruit is either a capsule or a berry, and the seeds tiro 
endospermic, the endosperm generally contains oil and 
pioteids and the cell-walls are thickened (cellulose). 

The order is divided into numerous tribes, some of wliieh 
aie not represented m Britain The British Lilioceae may 
be roughly divided into (1) bulbous plants, (2) rhizomatous 
plants 

567. Of Brit Liliaoeae with bulbs, Allium (Garlic) ban tlrs. in 
umbels or heads (enclosed at fhst in a softly 2-leavod mvohioio) on 
long flowering stems, A uranium (Ramsons) is common in woods 
The others have firs in racemes, Ft'itillaria (Snake's-liead, lira, 
large, droopmg, P-leaves free, purple with square wlutiBh dots), Tu/ipa 
aylvestna (Wild Tulip, flr yellow, erect, P-loavos free iceurved), 
and Gage a (Yellow Star of Bethlehem, P-leaves free spreading, 
flr small), all rare in Brit , have leaves on the following stem The 
leaves are all “radical 55 m jS 'cilia (2 lare spooics in Brit, besides the 
common Bluebell), Ornithoyalum (Star of Bethlelxem, flrs white, 
P-leaves free spreading), and Oolchcnm (Meadow Saffron, flr. lilac* 
P-tube very long) 


PRESENT YEAR'S SHOOT > 



Pig 161 —Rhizome of Solumon'e Beni 
The numbers represent inoromenta of nuoooaalve ywira 


568. Ruscua and A&paragua have oladodes (flat, ovate, spiny-tipped* 
and basally twisted in i?., needle-like or linear and in tufts in -4.); 
firs polygamous, small, greenish , fruit a small red berry, It. "flii* 
Nov -Apr , A June-Aug 

Pans, in woods, Bends up flowering shoots with 3-8 (gen. 4) ovate 
net-veined leaves in a whorl below the flr. , P gen. 4 + 4, outergreun 
inner yellowish, A = number of P-leaves ; berry black e ’ 5 

Solomon’s Seal ( Polygcmatum multiflorum), m woods, has a thiok 
rhizome (Fig 151), sending up each year a leafy shoot; leaves ah., 
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ovate, all turning to one side , firs 2-8 in leaf-axils, drooping on lowei 
side of shoot, P-tube bell-like, white, bony bluiBli-black. 

The leaves are all fC radical” in- Lily of the Valley {ConvaHarm, 
in woods, not common, flis m a raceme, white, drooping, P. bell-like 
with reouived lobes, berry red) and Bog Asphodel ( Narthecium , 
very oommon in bogs and marshes, leaves stiff and acute, firs elect, 
golden yellow, stft with white hairy filaments, red oapsule, miriow 
seeds with a hair at each end) 

569 Notes on Common Cultivated Liliaceae. —Most of the 
genera repd in Brit at e oultd in gardens 

In Lilt urn (bulbs, leafy stems, iiis m racemes) honey is secreted in 
grooves at bases of P-leaves , L martagon (Turk’s-oap, found natural¬ 
ised in parts of Brit ) is scented at night only , L. buibifenm produces 
bulbils in the leaf-axils , many species are adapted for pollination by 
butterflies and moths, and m most species with diooping firs the stalk 
becomes ereot so that the seeds are only let out when the capsule is 
shaken 

FntiUaria imperially (Crown Imperial) has a tuft of leaves at top of 
stem with a whorl of firs below In Tulip, note the wax-oovered 
unwettable leaves with oonoave stem-clasping bases, the free P-leaves 
which close at night ancl in bad weather, orectmg of the npe capsule, 
the flat seeds Erythroiuum (“Dog’s-tooth Violet”) has same habit 
as Tulipa, single large drooping fir , oblong leaves, P-leaves free (inner 
ones each with a tooth on each side). Calochortua (Mariposa Lily) has 
rigid sword-like leaves, fir oup-like, P-leavea free (outer narrow, innei 
much larger and hairy inside), stigmas sessile on ovary Many species 
of Scdla are oultd , mostly with blue star-like firs , P-leaves free 

Byacinthua (the garden Hyacinths, derived from if. omtntalu) 
differs ohiefly from Scitla in having the P-leaveB more or less joined at 
base, as they are in the 4 following allied genera ■ Muscan (Grape 
Hyaomth), with nearly globular firs (upper firs, of raceme neutei—of 
fir -head of Cornflower) , Ohionodoxa (Glory of the Snow, small blue 
firs in early spring), Lachmiaha (small plants with yellow or red firs , 
capsule 3-wmged) ; Galtonia (long flowering shoot with terminal raoeme 
of drooping white scented firs.). 

GlonoBa lias branched aerial shoots, lanceolate leaves eaoh ending 
in a tendril, firs solitary in leaf-axils, drooping, with sta and style 
projecting horizontally, anthers versatile; seeds with a fleshy red coat, 
poisonous Veratrum lias a rhizome (that of V. album = “white 
hellebore root,” poisonous) and broad-ovate leaves , firs in racemes, 
lower 51 but upper 3 (some plants with only 3 firs ) 

AxphodeliLB has awl-Bhapea or Iris-like leaves, small white firs in 
dense racemes, protogynous, P-lobes equal and spreading Funkia has 
stalked ovate or cordate “ radioal ” leaves , tubular P, blue or white , 
seeds with an apical wing Be/merocalha (Day Lily) has large trumpet- 
like yellow or orange flowers in corymbs, ana long leaves , the flrs. are 
self-sterile and Bhort-bvod Bremttrus, allied to Aaphodelua, has very 
protogynoiiB flrs (yellow or white m terminal laoeme), and the P-leaves 
wither before the stigmas are ready for pollination 
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Anthencum , a large genus, has firs (gen white) in lacerues, linear 
hairy or fleshy leaves , P of spreading or bell-shaped equal segments, 
sta with short filaments, stigma sphenoal Boioiea has a large oonn, 
muoh branohed, twining green aerial stems with small leaves whioh 
soon fall off Aloe has a woody branohing stem (often veiy short); 
evergreen fleshy leathery leaves (often spiny), m rosettes, firs in 
spikes, drooping, P tubulai with exserted sta Kmphojia (= Tmtoma ) 
has similar spikes of red or orange firs , but the leaves are thin and 
grass-like, not fleshy Phormnvni tenax has stiff Ins-like leaves, tlie 
Bundles (veins) of whioh have tough solerenchyma-bands yielding 
valuable fibres (New Zealand Flax) , Xanthoi'rhca , also an Australasian 
desert-plant, has a thick stem oovered with leaf-bases, long wiry 
grass-like leaves, and a long-stalked (up to 20 ft) cylindrical spike of 
Sis with scaly perianths 

Several species of Allium are oultd foi their firs , more for cooking 
purposes (gaiho, onion, leek, shallot, etc ) , some (e g onion) have 
cylmdricalleaves , some have the firs replaoed by bulbils Agapanthus 
(Love Flower) has blue firs in umbels, with shoit P-tube and spreading 
lobes , seeds winged Brodiaea is Bimilar, but 3 of the sta are sterile 
(repd by scales) 

Aspaiagus is cultd foi its feathery “foliage” (oladodes, gen 
needle-like, but flat m some species), also for its young shoots whioh 
are cooked. Aspidistra (“Parlour Palm”) has curious biown firs, 
P (8), A 8, G (4); it is perhaps the hardiest of all indoor plants and 
has large oblong pointed leaves, often with white stripes Yucca 
(Adam’B Needle, often oultd ), Dracaena^ and Oordyhne are Palm-like 
shrubs with stiff fleshy leaves , firs bell-like, sta gen with filaments, 
flat and broad below anther, capsule with oo seeds 

Snulax , a large genus, has net-veined coi date lea\ cs, mostly with 
2 tendrils (= stipules?) at base of leaf, stem often with lecuived 
prickles to help in olimbing, firs unisexual, m umbels, £ and ? on 
separate plants, berry with 1-3 seeds , the “ sarsaparilla ” of druggists 
consists of the dned roots of several species of Simian. Oplnopogon 
has numerous linear leaves and a long noweiing-shoot beniing axillary 
cymes of firs , P-tube short and cohering to on ary, with spreading 
lobes Aletns (“ Star-grass ’) has lanoeolate leaves, white bell-shaped 
firs m racemes, outer surfaoe of per mealy; P. tubulai, enclosing 
capsule Lapagena rosea , much cultd m greenhouses, is shrubby, 
with twining stems, alt ovate leaves, and large axillary Are. with* 
bell-shaped per , berry edible 

5!70. The Daffodil Family (Amaryllidaceae) differs from 
Lihaceae m having the ovaiy inferior instead of superior In the 
Daffodil and other speoies of Narcissus there is a series of membranous 
outgrowths on the inner auifaee of the perianth, just below the free 
lobes of the latter These outgrowths form a tube or corona , winch is 
short m some Narcissus firs , but in the common Daffodil attains 
a considerable length In the Snowdrop [Qcdantlius) and the Snow¬ 
flake {Leucojum) there is no corona, and the parts of the perianth are 
free 
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Tina is a large and widely distributed older, usually ocoumng in 
diy sunny habitats. It moludes many showy gulden plants [Zejmyr- 
antheSy fviofinon , Aniui'i/lhs, Crmvm , Alat-) oemma, Clma, Pancra¬ 
tium , jVeni/e, Ilaeuianthuts, eto.), also the large “American Aloe” 
{Agave) See Fig 87. 


QUESTIONS ON CHAPTER XXIV 

1 Desoube, with sketches, the structure of a resting Cioous norm 

*2 Give a clear account, from your own observations, of the events 
winch ocoiu from the time a lestmg Crocus oorm is placed in moist 
soil or sawdust, up to the time when the leaves die down Inolude 
the changes that oooui below aH well as above the soil, and give a 
senes of sketches 

3 Foi how many days does a Cioous flower lust, from the tune 
when it fiist opens v 

4 Desoube observations and experiments you have made an the 
opening and closing of the Cioous flowei 

What other flowers with wlnoli you aie familiar open and olose 
like the Cioous flowei ? 

0 Draw a iloial diagiam of any flowei belonging to the Older 
Iridaooae, and desoube fully its pollination Name the olnef points of 
diflorence m the stiuotuie of such ft flower and a tulip flower 

7 Desoube the struoliue of the flowei of Bluebell, and oompaie it 
\v ith that of a Garden acmth 

8 What other flowers beBidoH those of Bluebell (lioop when they 
open 1 * How is the dioopmg caused’ Cun ^ou explain w r liy so many 
si)ring floweis eithei dioop oi ha\e the power to open and close? 
Give a list of spung flowers which droop and of those winch, peifoim 
opening and closing movements 

9 Describe, hom your own obsoivations and dissections, the struc¬ 
ture ot a Gaiden Hyaointli bulb Sketch, on a large scale (about 
twioe the natural size), a longitudinal section made tluough the centre 
of a bulb, marking all the paits shown. 

10 Describe and explain the struotiue of a Naicissus bulb, with the 
smaller bulbs attached to it How is it that some Beales go round the 
whole Het of bulbs ’ 

11 Desoribo oaiefally all you saw when growing a Hyacinth bulb 
in soil, sawdust, or water, and explain the things you saw. Give 
sketches 


B. F. M 


30 



466 


THE IRIS AND LILY FAMILIES 


12 Describe the whole of an Eaily Pm pie Orolud plant as seen 
when m flower in early summer, omitting the floueis themselves 

13 Describe, fiom yoiu own obsei vations, the giowth of an Early 
Purple Orchid fiom the time when its leaves first come above mound 
until they die down When did you first see the leaves, and Yuien do 
they die down 9 

14 Descnbe, with sketohes from actual specimens examined, the 
flower of the Early Orolud, and explain its adaptations foi pollination 
Describe experiments you have made with the ilowei-s 

15. Compare the following plants with regaid to the nature of then 
reserve food and that of the food-storing organs —(boons, Bluebell, 
Garden Hyacinth, White Lily, Oiclnd, Onion 
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TREES AND SHRUBS 

571. Trees and Shrubs.—There is no sharp distraction 
between herbaceous and woody plants, though the teims herb, 
shrub, and tree are convenient for general use It is perhaps 
sufficient to define a woody plant as one whose stem persists 
above the soil year after year (as compared with a plant 
winch dies down to the level of the soil, though the “ root¬ 
stock” or rhizome is hard and woody), stoung food in its 
stems and buds and the latter being protected m most cases 
by special scales 

A tiee usually possesses a stout, mam trunk fiom which 
smaller and moie slender lateral blanches arise Frequently, 
however, the mam stem is Bhort, and is exceeded m length 
by the branches A shiub, on the other hand, is simply a 
mimatuie tree, the primary stem being usually short, and 
soon breaking up into numerous more or less erect lateral 
branches. 

Various plants which form large trees when growing m 
sheltered or low-lying places are reduced to stunted shrubs 
when they occur on high mountains or wind-swept ridges 
On Daitmoor, for instance, there are seveial patches of 
gnailed and stunted oak trees, doubtless of great age, grow¬ 
ing among granite boulders along river volleys, at a height of 
about 1,500 ft On several “tors” (gramte-capB on hills) 
there giow Rowan (Mountain Ash) plants reduced to low- 
creeping shrubs a few inches high, in one case the flat top 
of a tor, about 1,800 feet above sea-level, was covered with 
this dwarf Rowan 

In Btudymg trees the following points should be attended to (full 
notes and sketohes being made m each ease) ■— 

(1) The general form and appearance as determined by the mode of 
brandling, direction of the brandies, and the oharaoter of the foliage. 

467 



468 


TREES AND SHRUBS 


(2) The natiue of Llie situation and the oliaraotei of tho soil in 
wkioli eaoh species apparently thrives with the gieatest luxuriance 

(3) The general effeot of each kind of lioo on tho appearance of the 
landscape m winter, spring, summer, and autumn 

(4) The thickness of the trunk as oompaied with the size of tho tiee, 
the character of the baik ; the arrangement, direction, and surface of 
the brandies 

(5) The time of the appearance of the leaves , then auungoment, 
the form of the leaf, and the auangoment uf the veins 

(6) The tune of floweimg , nature of inflorescence , position and 
mode of protection of flower-buds , stiuotuie of the flowuis and their 
pollination 

(7) The natiue of the fruit and seed and the mode of dispei sal 

(8) The germination of the seed and the foimof the seedlings, whit h 
may often be found under Lhe tieesor at some distance fiom them , 
gathei upe seeds mid study their germination 

(9) Kinds of insects, if any, that feed on foliage or pioduce galls , 
insects, if any, that visit tho flowers , fungus-paiasite, if any. 

(10) Name of tree or shiub (scientific and common names) , Natiual 
Older 

Note whether the main trunk persists and runs up tlnough to the 
top of the tree (“ exonnent” oi “ spire-foiming ” habit, e y Lai oh) ot 
whether it soon beoomes lost in a complex of strong blanches (“ de¬ 
liquescent ” oi “diffuse” habit, eg Beeoli), the form of tho tree’s 
orown, whether pointed, rounded, or umbrella-like , the airangemont 
of the branches, the angles at wlnoh they come off, their dnection of 
growth ; why branohes at the top of a tree aie usually more stiaight 
than the lower branohes , why btanohes turn up at tbe ends m many 
trees, why branches use upwaids, oi bend m towaids the centie ot 
the tiee m wmtei (in deciduous tiees) All these points, winch, 
together with otheis, imite to gi\e tiees then geneial form, should be 
carefully studied In many cases this is moLe easily done in wintoi, 
when deciduous tiees show then baie blanches 

Note also the depth of the shade cast by the tiee when in lull 
foliage, and the effect this has on the nature and habit of the plants 
foimmg the raidergiowth , the mode of blanching shown by the Ueo 
when giowmg with otheis in a clump oi in a wood, and that shown by 
the same kind of tiee when growing by itself m an open situation, 
the differences in size and in texture of the loa\es well exposed to 
light, and of those giowmg in shade; the tendency of tho leaves uii 
eaoh twig to foim a “ leaf-mosaio” (& e. to vary m size and shape so as 
not to shade each othei) ; the structure of the winter-buds, and tho 
various ^ays m which the young leaves are folded up and pioteotod 

Some further points relating to the biology of tiees maybe mentioned 
hero One often sees on high exposed places inland, as well as near 
the coast, tiees which liave grown obliquely, sometimes almost 
horizontally, aftei 1 eaohing a certain height, in other cases the tiees 
growing m such situations are erect, but giowtli lias ocomred almost 
entirely on one side If you see exnmples of such trees, try to discover 
the causes of their bent or one-sided growth Note the direction of 
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the bend or that of the well gi-own Bide of the tiee, then find out the 
directions and characters (whothoi dry or moist, oold or warm) of the 
prevailing winds At what time of year will the pi evading wind have 
moat influence on the tieo's giowtli, and in what way 9 

572. How Wounds Heal.— You will often notice on tlie 
ti links of tiees curious ring-like cushions It is easy to find 
out the meaning of these cushions and to trace then* histoiy r 
especially if you have seen foiesters at work cutting off 
hianclies Under whatevei cncumstances and for whatever 
reasons (find out all you can on these points) this “ tree 
Burgeiy ” has been practised, the amputation-wound soon 
begins to heal up, undei proper conditions The cambium 
(Ai*t 300), which has been exposed by the cutting, produces 
a mass of growing tissue, known as callus, wlncli m tune 
lolls over and covers the wounded wood (which cannot heal 
of itself) If the wound is a small one, the callus-cells soon 
meet at the centre find form a continuous tissue which pio- 
duces cork at the suiface and (being continuous with the 
oidinary cambium) wood internally, covering up the stump 

The callus pioteots the exposed wood by excluding water, bacteria, 
aud fungi, winch setupducmy , all exposed suifaces, whether caused by 
pruning-knife or saw oi by the breaking off of branches, offer a foot¬ 
hold for diBBttso and decay, and onoe a wood-rot fungus enteifl it may 
grow inside the tree after the wound is quite covered. Hence, foi 
the wound to heal properly and as quickly as possible, the limb to be 
lemoved should be cut off close to and perfectly eien with the paient 
trunk or branch, so that no portion ot the amputated branch may 
remain An exposed stump or stub left when a brauoh bioaks off 
cannot possibly heal ovei of itself, and it it project fai from the trunk 
or biftiioh, the cambium oi innei bark cannot ptoduco enough callus to 
cover and piotoot it, so that decay of necessity sets in, and the stump 
dies back, posRibly to oonmiumcate disoaRe to the trunk, even if it 
does heal up at the base, a bad knot ir foimed m the Innboi A oloan- 
out, Bmooth and hard smfaco, suoli as is pioduccd by a sharp pruning- 
saw, is much preferable to a rough and jagged one, since it affords less 
lodgment for water or germs, avoids oruslnng oi tcai m^ of the cam¬ 
bium, and assists the pi ogress of the piotectmg and healing callus. 

In the case of a Z«///c wound, coik and new cambium are pioduaed 
by the callus at the edges of the wound, which does not close up until 
cushion after cushion of callus has giown o\ci it, and tins may take 
several yeais Though the growth of the callus cannot bo hastened by 
“ dicssing” the wouud, the luttei can be pmteoted from moisture and 
fungus spot os by applying tar oi lead-paint 

The old wood oxpoBocl by the wound, which generally booomes dark 
in coloui, does not glow with tlio new wood foi mod by the oallus, 
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lienoc a deep out —e g. an inscription—made m tho wood of «• 
be found yeais afterwards, oovered by annual layeis of nov 
Any bard body, e g a nail or the atom of another tree, may bo 1 
m a tree by oauBing the cortex to split aod a oallus-layci to bo 
which grows over the body and covers it with new wood. 

Wounds made m herbaceous stems, loots, tubeis, leaves, friy 
are healed m a muoh Bimpler way In general, whenever tr 
tissues are laid bare by injury a layer of coik is formed by tho 
cells which are living and capable of giowth , the wounds co\ 
this way are easily reoognised by the brownish patches of 
potato-tuber, for instance, is covered by a layet of coik, and a 
layer is soon formed on a piece cut out of the tuber and koj 
a bell-jar or tumbler , tiy this simple experiment, and if von 
microscope out sections to see the oork-layei in ( 1 ) an unmjuroi 
( 2 ) a piece out out and allowed to heal 
Familiar operations which depend upon callus foimal 
(1) piurung, (2) grafting, (3) budduig, (4) propagation by outtu 

573. Pruning, as applied to fruit tiees, is of tlie 
mteiest to tlie botanical student as well as to the 
grower—both commonly ignorant as to the “ reason 
of such operations One of the chief points to leniei 
that all pai fcs of the tree should receive plenty of 1 ig 
an, because the foimation of flower-buds, and there 
fiuits, depends laigely on the proper action of the lea\ 

It is, of course, essential to be able to distinguish the “ fi lu 
i c floweiing-buds, and to know on wlmt pait of the tieo t 
usually borne The flower-buds aie easily rocogmsed, long bof< 
open, by being larger and more louuded than the ‘‘leaf-hi 
Aegetative buds, in Apple, Peai, Plum, and Cheny tlioy 
spurs” (Bhoit and slow-growing blanches or dwait-shootn) 
twigs of the previous year oi 3 ears, and mostly at the ends ot ill 
As a rule, eaoh spur or spur-branch of laige-fiuited trees (c g 
Pear) fruits every alternate year, because the ordinary food^ Ri 
insufficient to nounsh the fruit and a new fruit-bud, wliioli 
usually formed till the following year, and which fiuits tho yo 
its formation The lemoval of all the flowers or very youn 
from part of the spurs of a tree, or fiom oortain branohes, enu 
the fruiting of the pruned paits the following year, and so tonil 
up an annual bearing habit, some poition ot tho Bpurs and li 
fruiting while the lemamder aie forming fiuit buds to bear the 
mg year 

Trees which fiom some cause or other do not come into hoar 
often be induced to form fnnt-buds by judicious priming, 
checking growth induces fruitfulness, it does not maintain 
when once bearing is established it must bo preserved by proj 
and the avoidanoe of any distuibmg element, such as heavy prn 
the bearing of too heavy a crop 
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The younger a shout, the moio lapiclly and completely it heals, so 
that shoots which have to he iemo\ed should be pruned as young as 
possible The healing yioccss cannot begin diumg late autumn 01 
winter, os the cambium is then practically doimant The best season 
therefoie for pinning woody poitions of tiees is immediately before 
giowth begins in apung, and while the trees ftLe yet doimant, the 
moie lapidly a wound heals, the less is the chance of decay obtaining 
a foothold Some people pi Line m autumn, before the leaves have 
fallen, because the piesence of the leaves enables one to decide more 
easily upon the density of the tieo 

Those tiees which beni their ft. nit on Bhoitenod spurs often produce 
a huge number of useless shoots, and if these aie retained until the 
autumn a great deal of valuable time is lost to the troo Sunlight 
is pi evented fiom gaining access to the leaves in whoso axils the 
blossom buds aie being formed, and tins sonously affects their develop¬ 
ment By a timely iemo\al of superfluous giowth far more blossom 
buds aie also pioduced The importance of summer pruning is thus 
cloaily seen in sticli a case 

Pi lining is an ait winch lequiies gieat skill, it ih necessaLy to know 
whetlioi one ih pinning (1) fni met eased wood-production, (2) to induce 
or moi ease fruit-beaiing, ( 3 ) to lemove injnied, decaying and super¬ 
fluous parts, ( 4 ) to tunn ol lestnob the tiee to any desuerl shape and 
size, oi (£>) to cnBin c hugei or better flints 

The effects of pruning m hastening oi me leasing pioduc- 
tiveness are sometimes augmented m gaiden practice by 
bending oi twisting the shoots, notching or ringing 


574. Bending 1 a shoot horizontally results in the supply 
of water being diminished along its entire length, as the bend 
retaids its flow Every considerable bend in a branch acts 
as a partial bamei to the upward flow of the sap and to the 
descent ot assimilated food matter, which latter accumulates 
above the bend and causes the development of flower-buds 
Twisting a shoot is a more energetic means of effecting the 
same end 

575. Notching is often used to foice the development of 
particular buds m framed trees In such cases the notch is 
made m the bark and young wood immediately above the 
selected bud The notch bo made checks the upwaid flow of 
sap, and so induces rapid elongation of the bud into a 
shoot Notching into the wood below a bud stops the 
downwaid passage of elaborated food material, the store so 
created encouraging the formation of fruit-buds. The size of 
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the notch vanes with the size of the branch, a narrow notch 
being ample for small shoots, while half an inch width is not 
too much for a large bianch. 

576. Slinging is effected by cutting thiougli the bark 
completely round the stem or branches of a tree, to keep 
the food elaboiated by the foliage fioin descending beneath 
the ring This results in inducing bearing, and in hastening 
the production of larger fruits The operation is effected as 
growth begms in spring by drawing a knife round the branch 
or trunk so as to cut entirely through the bark, from an 
eighth to a quarter of an inch of which is sometimes lemoved 
As a rule, lingmg is only lesorted to when a well established 
tree cannot be brought into bearing by other means 

577. Grafting consists m placing together the cut sur¬ 
faces of two different plants, which must belong to the same 
family (eg. Rosaceae), in such away that they unite by the 
growing togethei of then cambium tissues The rooted plant 
which is to receive the graft is called the stock ; the cutting 
which is applied to the stock, and which consists of a twig 
bearing buds, is called the scion. 

The chief objects of grafting aie (1) to make use of the ago 
and strength of a cheap oi easily obtained oi exceptionally 
vigorous stock m order to obtain quickly the fruits (or flowers) 
produced by the plant fiom which the giafts are cut, (2) to 
ensure the exact peipetuation of varieties of fruit trees , (3) 
to multiply them more rapidly than would be possible by 
seeding or cuttings, and (4) to produce desued changes of a 
radical nature m habit of giowth or character of scion oi 
stock (as when apples and pears are dwarfed by working them 
respectively on the Paradise and Quince stocks) 

Success m grafting depends largely on the work being done 
when the sap of the Btock is in motion (best during spung at 
the season of gieatest growth, when Nature most readily 
repans injuries), as also on the health and vigour of both 
sciou and stock Wounds made in grafting are covered with 
wax to exclude disease germs and prevent evaporation from 
the wounded tissues 

The scions or grafts aie usually cut in autumn from wood 
of the previous year’s giowth, with plump and well-formed 



TREES AND SHRUBS 


478 


buds, and stored (tied in bundles and packed on end) m 
damp moss, sand, soil, or sawdust The scion may be in¬ 
serted in the root, trunk, ciown, or any of the branches of 
the stock 

Whip or Tongue Grafting, the commonest method, is usually 
practised only on small stocks up to about two yeais of age, and like 
the method next desonbed is speoially suitable foi cases wheie scion 
and wtook aie of equal size Both scum and Rtook are out aciuss dia¬ 
gonally A veitical cleft is then made in caoli, and the two paits are 
dove-tailed togethei by pushing the tongue of the scion into the cleft 
of the stock They aie held firmly in position with fi\ e m six turns of 
liifim, and the wholo of the wound is piutected by wax applied ovei 
the ties 

Splice Grafting, the simplest foim of ginfting, is suitable only foi 
small shoots It is offeoted by cutting scion and stock acioss obliquely 
with a sharp knife, placing thorn together as exactly as possible, and 
fastening them with latha, ovei which a coating of wax is applied as in 
Whip Grafting 

578. Budding consists in taking a single bud from the 
tiee which it is desned to propagate, aud placing it m contact 
with the cambium of the growing tiee which is to serve as 
parent 01 stock It is used m the piopagation ot Roses and 
fruit-tiees (Apples, Plums, Pears, etc.), also ioi midtiplyiug 
choice varieties of ornamental trees (Maples, etc) It is 
generally performed m early surnmei or early autumn, but 
sometimes in eaily spimg (as soon as the baik of the stock 
loosens and peels easily on being raised) with lestmg buds 
taken in autumn or winter, and kept in a cool place with their 
ends set m soil (as with scions foi grafting) It is bettei, as 
a lule, to cut the selected shoots fresh when the buds aie 
lequned , plump (not bursting) buds fiom near the centieof 
vigorous shoots of tlie cunent season’s growth aie best 

In shield-budding a shield-shaped poitiun of limit, with a tlmi 
shaving of wood, is taken fiom the shoot with each bud, by a clean cut 
in the direction in which the shoot glows A vertical slit about an 
inoli long is cut juBt tlnough the baik ol the stook and a horizontal slit 
of half an moh acioss its highest point, the two ouls foi nung a T The 
cuineiB of the stook-baik aie raised with the blade 01 the fiat scalpel- 
like liandle of the budding knife, so as to admit of the fi ee passage of 
the bud, which is now insetted undei the baik at the Itansvcrse cut 
aud pushed downwaids undei the edges of the veitioal slit with the 
Angel's, and then with the knife handle until the bud has pusBed well 
down into the cleft, with its inner suiface pressing against the baicd 
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wood of tlie stock Any portion of the shield haik piojeoting above 
the transverse slit mustoe out off exactly even with it 

The success of budding largely depends on its being done when bark 
rises freely, so that little use need be made of the knifo-blade or 
handle in lifting the bark at the edges of the veitioul out The tying 
material, usually about a foot in length, is laoed, seourely but not too 
tightly, twice below and thrice above the bud, which must not, of 
course, be covered with the tie 

The inserted bud stioks to the stock after about two to tlnee weeks, 
and the ties are then cut through on the opposite Bide of the Htock to 
the bud, so they may freely drop off at then own time The constric¬ 
tion caused by leaving the strings uncut for too long a time may result 
in killing the bud, or in making it start to grow too soon. The bud 
should remain fresh, but doimant, until the following spung, those 
breaking into growth eaiheraio injured, if not destroyed, by winter 
cold Such glowing shoots should be cut back before winter if long 
enough , buds that slmvel and turn brown aie failures, and the stooks 
will need re-budding 

The stock is cut off foui or five inches above the bud m the spring 
following budding as soon as it shows signs of activity This is done 
to concentrate all possible eneigy into the bud When this lias giown 
out fiom one to two inches, the stock is again cut back, to half an inch 
above the bud All spiouts must, of course, be kept rubbed off the 
stook, and the bud should be trained out into a single stem in line with 
the stock 

In Ring- or Flute-Budding two honzontal outs are made louud 
the scion m spring when the sap is in motion and the bark peels off 
easily, one moision being above and the otlici below one or nioie buds 
A downwaid slit is then made connecting the two horizontal outs, and 
the piece of bulk is removed, and quickly set lound the stock in placo 
of a oonesponding portion of baik previously cut from it The fiesli 
bark is tied m position, and may with advantage be waxed over its 
edges 

579. Propagation by Cuttings (Slips).—Most woody 
plants, and many herbaceous ones, are readily propagated by 
means of cuttings or “ slips. 15 The cutting is stuck in the 
soil (or in water, Fig. 70) and from its lower end rootB grow 
out, above the cut sniff ace as well as at its edges. 

Make cuttings of various plants and place them m moiBt soil, tying 
them to supporting sticks. Keep some m darkness, others in light; 
keep some in a warm and others in a cold placo, water some freely, 
others sparingly Compare the growth of the cuttings in each case, 
trying both woody and herbaceous shoots, keeping notes of the results 
In some oases cut the stem straight aoross, m others make a long 
slanting (oblique) out 

In a woody cutting that has been inserted in the soil for a week oi 
two, note on the lower end (1) the pith and wood, now dead and 
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disoolomcd, (2) tho callus, fmmmg a cucuLu cushion, (3) the loots 
arising fiom tho oallua, (4) the roots ansing fLom the stem above the 
out and buisting through the luicl Split the cutting lengthwise an 
inch oi two from the base, and note (l) the wood, blaok and decaying 
for some distance upwaids, (2) the callus oovoung the ecu tax and edges 
of dead wood, (3) the bases of the roots which arise m the cambium 
In piopagalion by out Lings the obioots aimed at are (1) to induce the 
rapid healing of the out, which is oftectcd by the foimation of a cushion 
of callus on the surface of the wound, (2) to induce the formation of 
(adventitious) loots on the cutting, and thus enable it to become an 
independent plant For these pLocesses to occur tlicie must be a 
sufficient amount pf food available at the scat of growth 

In woody plants, ( iy Roses, enough food is altcady piesent, stoied 
in the stem-tissues (cortex, bast, and lays), tho cells of winch, on 
absoibmg watei, expand and divide to form a muss of glowing tissue, 
driving the wounded and dead cells oft at the suiface as a coik-layci, 
while the mnei callus-cells foini a cambium (continuous with tho 
culinary cambium of the stem) which pi educes now wood and bast as 
well as loots 

Guttings of heibaceouR plants are often distinguished as “slips” , 
Goianumi ( Pclctujoimn h), Fuchsia, Coleus, Chrysanthemum, etc, aie 
propagated m this The guidener chooses shoots which bieak off 

squaiely on being bent (if the stem bends oi cnislies it is either too 
old oi too young for good lesults) and usually cuts the stem below a 
bud In herbaceous cuttings the stem contains vciy little leseive 
food, and the pith takes an active pait in the foimation of the callus 
See Questions 11-15 at the end of this chaptei—a few examples of 
the numboiless questions Lelatnig to lioitioultural piactice that might 
lie asked and can only be answered fioni knowledge gained by experi¬ 
mental Rtudy. 

The remainder of tins chapter deals with common, native 
and introduced, Dicotyledonous tiees and shrubs 

580. The Poplars ( Popuhts) and the Willows (Sahx) 
aie closely allied, forming a family (Salicaceae) which is 
shaiply nicuked off fiom all other catkin-bearing plants A 
catkin is snnply an inflorescence consisting of a main Btem 
or axis which beats either male flowers or female flowers, 
each flower arming in the axil of a leaf (hi act) and having 
a very simple structuie. The male and female catkins are 
on separate plants 

581. The best known Poplar is the Black Poplar, which 
we shall hike as a typo for first study. The mam part of the 
root system gi ows deep into the soil, but some of the roots 
run along, more or less horizontally, a little below the 
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surface The shallow roots often send up leafy shoots 
(“ suckers ”) The tree is rarely over a hundred feet 
high, most of the branches bend upwaids, and the tree 
has a loose appearance and a 44 lopsided ” crown 

The leaves (Tig 152) have long stalks and the upper part 
of the stalk flattened at light angles to the blade, so that the 

leaf hangs loosely and quivers 
in the gentlest wind It has 
been suggested that two ad¬ 
vantages anse fi om the trem¬ 
ulous cliaiacter of the leaves 
m this and several (not all) 
othei Poplais —(1) the resis¬ 
tance offeied to the wind is 
lessened, so that the thin twigs 
can better withstand the 
strain, (2) the evapoiation of 
water from the leaf is in¬ 
creased, an advantage m 
rapidly-growing trees with a 
good water-supply fiom below. 
The first suggestion is sup¬ 
ported by the fact that m 
Poplars with thick twigs, e g 
Lombaidy Poplar, the leaf-stalks ai e not flattened, the second 
by the fact that Poplais “piefer,” te thrive best in, deep 
moist soils 

The leaves vary m shape, but the margin of the blade ih iilwivy k 
legularly toothed, its uppei andlowei sides are almost the same colour, 
and it has no hairs—these points distinguish our type fiom other 
Poplars The tree sheds not merely its leaves, but whole twigH, 
sometimes as long as six feet, an absoiss-layer (Art 155) is formed 
just as in the ease of a leaf, so that a clean corlc-covered scar ih left 
when the twig is cast off 

The budB are long, pointed, smooth , eaoh has four scales—an oulei 
oonaave soale on the side away from the Btem and three innei ones 
In spimg these scales fall off, together with the stipules of the sticky 
young foliage-leaves The side buds generally grow into dwarf shoots 
or into catkins, while the end bud grows into a long shoot The 
highest bud is not leally the end bud , aB m many othei trees, the leal 
end bud does not de\ elope at all, the highest axillary or side lmd 
i enlacing it m growth 

The long hanging catkins open before the leaves unfold. Knoll 



Fig 152 —The Poplar Twig And Mule 
Catkin 
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oat km is produced from a special bud, wluoh resembles an ordinary 
bud m having four scales. The bracts are fringed at the free (outer) 
edge, bub are not harry Each flower has a abort stalk bearing a 
shallow lop-sided oup-like organ 

In a male catkin we find witlnn this cup a tuft of stamens (about 
forty), each with a red anther At first the male catkin is erect or 
houzontal aud the filaments me very short, but soon the oatkm-axis 
lengthens, the catkin droops, the braots fall off, and the filaments 
rapidly grow longer and push out the anthers Then the antheia 
open and shod the pollen, whiob is earned by the wind, and soon 
the catkin falls off the tree—usually before all the anthers have 
opened 

In the female catkin the cup surrounds the base of the pistil, above 
the ovary (one-ohanibered, with numeious ovules in two lines on the 
wall) are two laige yellow blanched stigmas After pollination the 
axis of the catkin lengthens and the ovary grows into the fruit 
(oapsule), whioh splits down along two lines halfway between the two 
lines of seeds, theu the two ^valves roll outwaids and the seeds escape 
Each seed has a tuft of bans arising fiom its stalk and serving 101 
wmd-disporsal. 

For a oompanson of the floweis of Poplars and Willows see 
Ait 357 

582 The Lombardy Poplar is simply a “pyiamidal” vanety of 
the Blaok Poplar, distinguished by its deeply fui rowed bark and 
especially by tlio strong tendenoy shown by the blanches to bend 
upwaids and grow elect Connected with this peculiai habit, which 
enables one to recognise the tree from a gieat distance, is the fact that 
only the buds on the outei side of the tree, i e those which are most 
exposed to light, grow out to form shoots 


583. The Aspen, the smallest of the common Poplars, is larely 
over fifty feet high, with a slendei ti imk (about 1 ft diametei) The 
bark lemains smooth and light-coloured foi many years , the leaves aie 
rounded and not pomted The buds and flowers lesemble those of 
Blaok Poplar, but the floweriug buds aie more distinct horn the 
ordinary buds, being larger and less pointed , the bracts beai numeious 
long hairs on their edges , the stamens are fewei (about ten), the 
stigmas aie led, not yellow 


584. The White Poplar lesembles the Aspen in many respects, 
but is easily distinguished by (1) the white down on its leaves (lower 
side) and young twigs, (2) the diy aud hany buds, (3) the frequently 
lobed lea\es, (4) the less rnaikcd flattening of the leaf-stalk, (5) the 
slight hairiness of the lnacts, (0) the four slender yellow Btigmas It 
growB very cjuiokly and may become a hunched feet high in forty years, 
with a massive trunk The White Poplai, like the Blaok, has a 
4 * pyramidal ” vai lety 
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585. There are many different Willows, including varieties 
and hybrids, in Britain, but the commoner lands are fairly easy 
to identify, and there are many points on which most of our 
Willows agree pretty closely The leaves are alternate, with 
stipules, and usually have prominent cushions which mn 
down the stem for some distance The buds, which are 
generally pressed against the stem, may either produce long 
shoots bearing leaves, or shoit shoots which end each in a 
catkin, the short shoot sometimes bears a few leaves below 
the catkin (eg Gi ack Willow) Each bud shows on the outside 
only one large rolled-up scale, sometimes tlieie are two small 
buds inside this scale, one on each side of the ordinary bud. 

The catkm-biacts have silky hairs on the outer sin face, 
and each flower has a green or yellow nectary, or two 
nectaries, at the base of the stamens 01 pistil on the side 
nearest the axis of the catkin The male flower has few 
stamens (two to five), the number (though not constant) 
serving to distinguish some of the species, the anthers are 
yellow, the filaments long The female flower has a pear- 
shaped ovaiy, geneially carried on a stalk; the tapering 
upper end mns into a style with two stigmas which are 
someti m es blanched, and the ovaiy has the same structure 
as in Poplars Bees visit the flowers for honey and pollen 
The capsule opens by two valves, as m Poplars, and the seeds 
have a tuft of han*s 

Willows may be loughly divided accoiding to the presence 
or absence of long slender quickly-growing shoots (osiers) 
which often grow about nine feet long in a single season, or 
according to the breadth or narrowness of the leaves 

586. Among narrow-leaved Osier Willows a typical example in the 
Crack Willow ( Salix ftayilw ), the yellowish osior-twigs of which 
can easily be broken off at the base, leaving a olean soar It is often 
seen in the “pollard” form (as are various other Willows as well ns 
Poplars), owing to lepeated cutting of the osier-twigH. Tho long 
(3 to 6 ms ) leaf tapeis to an oblique tip, and has both sides smooth , 
at the top of the stalk, lust below the blade, there are usually small 
glands (compare leaf of Cherry). The stipules, which soon fall off, 
are half heart-shaped. In spring tho end bud grows into a long shoot, 
while of the side buds (more pointed, closely applied to stem) some 
grow into ordinary shoots ana others into short shoots, which boai 
first a few small leaves and end in a aatkm There arc two nootanes ; 
two stamens , two stigmas, each Blightly forked ; oapsulo stalked. 
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587 Four other naiiow-leaved Willows may be mentioned Of these 
(3) and (4) cliffeL from the Crack Willow in having no foliage-leaves on 
the flowering dwaif shoots (1) Almond-leaved or French Willow 
(S hiandta) lesembles Crack Willow in most respects, but the leai- 
stalk has no glands, the bracts aie nearly haiiless, and the male flower 
has three stamens (2) White Willow [S alba) has leaves 2 to 4 ins 
long, silky on both sides , stipules nanow and tapering , one neotary , 
two stamens , capsule-stalk very short (3) Common Osier (S mm%- 
nahs) has veiy long leaves (4 to 10 ms ), silky below, with wavy edge 
and narrow stipules , one nectary , capsule hairy (4) Purple Osier 
[S put put an) is a small shrub (5 to 10 ft ), with short stalked leaves , 
atipiilcs small oi absent, catkm-Bcales dark purple abo\o, two 
stamens with then filaments joined (sometimes right to the top, so 
that there seems to be a Rmgle stamen WLth a double anther), anthers- 
piuplc. 


588. Among the broad-leaved Willows the Goat Willow 
or Common Sallow (8 capiea) is a small tiee, often about 
thirty feet lugh It has no long osier-shoots , the spieading 
mam branches bear knotted twigs, useless for basket-makmg 
The leaves vary greatly in form, hut aie generally moie or 
less oval and pointed, sometimes with a long bent or twisted 
tip ; the leaf is wrinkled, the margin wavy, the upper side 
smooth but the lower side usually downy The stipules are 
half kidney-shaped The catkins open m March or April, 
the male catkin is short (about 1 m ) and stout, but the 
female lengthens to about thiee inches The scales (biacts) 
aie hany, with black tips, the fruits open in May oi June 

589. Allied to Goat Willow, and peihaps only varieties of it, are the 
Round-eared Willow ( S aunta) and the Grey Sallow {8 cinei ea, 
sometimes called the Sallow) The former is a small shrub with 
straggling branches, shoit (up to 2 ms ) wrinkled leaves, kidney-shaped 
stipules, short catkins (about £ m ), the latter is a larger plant and 
has its twigs covered with a grey felt of short bail's 

The Bay-leaved Willow (S pentandra) is a small tree with thick 
smooth shining fragrant leaves, fairly broad and pointed, the male 
flower has usually five stamens, but sometimes more The Creeping 
Willows are small dwarfed plants, divided into several Bpeoies The 
commonest (S repens) grows abundantly on oommons and heaths and 
has Bmall oblong leaves, of the others, S herbacea (the smallest 
British shrub) grows on the highei hills in Britain, except in the 
south of England, 8 I >eticidata only on Scottish hills, both having 
ahort oreeping stems (sometimes underground) and small (■£ to £ in ). 
rounded leaves 
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590, Hazel (Corylua avellana) is a small tree, rarely 
over 15 ft. high There is usually no mam tiunk, but 
several branches starting at the base of the tiee Thom the 
base of the shoot arise numerous eiect quickly-growing 
branches (" stool-shoots ”), and similar branches (“ suckers ”) 
are often given off by the root, the stool-shoots and suckers 
differ from the ordinary branches in having the leaves arranged 
m three rows instead of two. The bark remains smooth for 
many years, and has narrow transverse lenticels, in the older 
parts it becomes rough and scaly 

The leaves aie stalked and simple, the blade varies hl fomi 
and amount of lobmg, but has megular pointed teeth on the 
edge, a pointed tip, a rough surface, and is usually larger on 
one side of the midiib than on the other, especially at the 
base. Are the leaves inoie lopsided on the two-rowed or on 
the three-iowed shoots? Is the laiger half of the blade 
that nearest, or farthest fiom, the free end of the twig p 
Examine the lopsided leaves of Elm, Lime, Begonia, and 
try to find out the advantages of this kind of leaf to the 
plant 

The twigs of the current yeai are hany and have a zigzag 
appearance, the leaves (and buds) commg off singly at each 
bend The buds aie egg-shaped but rather flat, anil are 
coveied with brown scales, within these come pans ot silky 
stipules without leaf-blades, then stipules with young blades 
between them, each young leaf being folded along the 
midiib 

The uppeimost bnd on each twig glows out and toims a 
long shoot, but m summei the end of the shoot dries up, then 
the place of the lost end bud is taken by the uppermost side 
bud Most of the side buds, however, grow into dwarf shoots, 
which may either bear a few leaves or may produce a male or 
a female inflorescence 

The “male bud” differs fiom the ordinary buds and the 
female buds m the fact that it grows at once, in the year 
it is formed, and piochices first a few buds (which next year 
will become ordinary shoots or else female catkins) and then 
ends m fiom two to five male catkins The cylindrical male 
catkins, therefore, aie visible m late summer, and by Feb- 
ruaiy (sometimes after a few fine dayB in January or even 
December) they open. 
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The drooping male catkin (Fig 158) lias numeious con¬ 
cave green scales, each beaiing on its downward face (its tiue 
upper face) two small scales and a nunibei of stamens (Fig 
154), each stamen has a slioit filament ending m aone-lobed 
anther (a holf-antkei) There are usually eight of these lialf- 




PJg 103 —Male anil Female Tnfloi osceneea 
of the Hazel 


Fig 104 —Hazel 

A, Male Flower, D, Dlngmin of mine 


anthers, and (in some cases at least) their filaments are joined 
in pairs at the base, so that in reality theie are only four sta¬ 
mens 



Fig 150 —Two Female Flowers of Hazel in Axil of a Braat, uaali with two 
long Stigmoa, and Dhigmm of snmo 


When the female bud opens, a tuft of a.bout twenty scarlet 
stigmas projects from the top Carefully dissect the bud 
and note the biown outer scales, thon so vend pams of stipules, 
p. F, m. 31 
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then a few small leaves, and finally about five bracts each 
with two female flowers (Fig 155) The flower consists of 
an ovary surrounded by a double cup at the base and bearing 
on top two long red styles, but the lower parts aie very small 
at the time pollination occurs. Only a few flowers m each 
catkin develop into nuts, the ovary has two chambers, each 
with an ovule, but the nut has only one seed The cup 
becomes leafy and very conspicuous as the nut ripens What 
changes in colour, texture, taste, and size does the nut under¬ 
go while ripening P When are the nuts ripe? Note the 
embryo which fills the nut and has two large cotyledons 
containing starch and oil Sow npe nuts, first soaking them 
in water ■ do the cotyledons remain below ground or come 
above it P 


591, Alder (Alnus glutinosa) grows chiefly in moist 
places, beside streams and pools, m marshes and hogs> but 

will thrive m drier places which 
are sheltered or m which the am 
is moist enough. It is generally 
a small tree, but may reach a 
height of sixty feet, the trunk, 
however, raiely exceeds a foot 
in diametei. 

The Alder is rather like 
the Hazel m geneial mode of 
giowth, being often shrubby 
owing to the production of 
numerous stool-shoots, but the 
roots rarely produce suckers. 
On the older parts of the shoot 
the bark is black and scaly, on 
younger parts it is biown, with 
vei y distinct lenticels 

The young leaves have sti¬ 
pules which soon fall off; the 
blade is broad and usually notched at the end, and except 
at the base its edge is doubly toothed, the teeth being short 
The large egg-shaped brown resting buds are peculiar in that 
each is on a stalk The young leaves are pleated (Fig 36, 
plicate), and both they and the twigs are sticky at first The 



1% 1G0.—Alder 

Tu Jg with umlo mtkina, young female 
oatkina (above), fi lilting oafckf 
low), and resting buds 


kina (bo- 
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buds are covered by two or three scales, which are rather 
difficult to separate and have a waxy coating 

The catkins open m February before the leaves appear 
Both kinds of catkins can be seen m the previous autumn, 
and in winter they aie very conspicuous on the bare twigs. 
Needless to say, the ordinary resting buds of Alder contain 
only foliage-leaves 

The male catkins are cylindrical and are nearer the end 
of the shoot than the shorter female ones Each scale is 
thickened at the outei edge and bears, on its (true) upper 
surface, three floweis, each with a gieen four-lobed “ calyx 55 
and four stamens In the female catkin, which usually turns 
upwards and does not droop like the open male catkin, each 
scale beais two floweis lesemblmg those of Hazel in struc¬ 
ture but having no “calyx ” 

After fertilisation the ovary glows mto a dry akene ; the 
scales become stalked, haid, and woody, giving the old female 
catkin the appearance of a Pme cone The cone ripens m 
autumn, but lemams closed until the following spring, when 
the scales become separated and the akenes (which have a 
spongy coat) may be blown away by the wind or may fall 
mto watei and be carried by it 

592. Birch (Betula alba) is easily recognised by its tlnn 
mam stem (sometimes forty feet high), which runs up to the 
top of the tree and is raiely over a foot m diametei, its 
slender twigs, wlucli often droop at the ends, and the light 
foliage, which together give the tree its graceful appearance, 
and its smooth thin white papeiy bark with long, daik trans¬ 
verse lenticels 

There are two varieties in Britain, “White” Bnch and 
“Common” Birch, they aie connected by variations and 
hybrids, but the “ Common ” Birch is distinguished by its 
branches being more spreading and rarely dioopmg at the 
ends, its twigs not bemg covered with hairs, its bark being, 
at the base of the trunk, lough, dark, and furrowed, and by 
its hau less and longer-tipped leaves with the blade placed 
horizontally The young bark is brown in both cases, be¬ 
coming white later on 

The leaves are ananged all round the stem, but sometimes 
tend to form two rows, the stalk is tbm, the blade variable 
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in outline (heart-shaped, diamond-shaped, etc), doubly 
toothed, -with pointed tip Since the leaves are relatively 
small, well spaced on the slender twigs, long-stalked, and 
hang vertically on the diooping twigs, they cast little shade 
Hence the Birch catches but little light, as compaied with 
trees which spread out then leaves and form a mosaic. It 
is, in fact, the most exacting tiee in its demand for light, and 

conversely it glows worse 
in shaded places than any 
other tree in Britain 
Between an extiemo 
light-demanding tree like 
the Birch and an extienie 
shade-enduring tree like 
the Beech we get various 
intermediate trees The 
buds aie small, pointed, 
dailc brown, some produce 
long shoots, others dwarf 
shoots Each yeai the end 
of the long shoot dies and 
its growth is continued by 
the uppermost side bud 
The catkins open along 
with the leaves m March 
orApnl(Fig 157) Both 
kinds aie cylindrical, the 
female catkins are at fii at 
erect and moie slender 
than the male catkins, but later (m fruit) become much larger 
The male catkins are visible during autumn and winter (as 
in Hazel) at the ends of twigs in twos or threes In spi ing 
tlie male catkin lengthens and dioops, the scales separate, and 
the pollen is blown out Each scale (bract) bears (on its true 
upper surface) several small scales and three gioups of stamens, 
each group consisting of two stamens each split into half¬ 
stamens (Fig 158, a) 

Each female catkin is produced inside a resting bud; in 
sprmg this bud glows out, pioduces a few foliage-leaves, 
and ends in a slender catkin (Fig 157) Each scale bears 
on its uppei side two small scales (bracteoles, Fig 158, a) 



Fig 1 Jj 7 —Birch. Twjg allowing male and 
female uutkrna 
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aud three flowers Each flowei consists of a pistil (like that 
of Hazel in structure), without any cup The akene is flat 
and pioduced at each side into 
a thin wing In autumn the „ 


scales fall oft: and the liglit- 
winged fruits aie dispersed by 
the wind 

Examine twigs in autumn, 
noting the ripe female catkins 
of this yeai, and the male cat¬ 
kins aud the buds foi next 
yeai , rub, or pick to bits, a 
fruiting catkin and note the 
scales and the winged akenes 
(Fig 158, b). The seedling 
has two small green cotyledons, 



bracteole'* a 


FJg 1C8 —Blroli 

A, Fouiftle Aimers In axil of bmofc, B, 
Fi nitlng smile, with three winmms, 
0, Htainen fiHJtu male ilawui 


earned up, the first foliage-leaves are less toothed and more 
hairy than the later ones 


593, Oak (Quercus robnt ), the largest of British trees, 
sometimes 150 feet high, with 



Fig m —The Ntnlkoil Onk, with 
Flo were. 


massive trunk, is easily recognised 
at all times of yeai Even when 
without its wavy-lobed leaves or 
its acorns, it diffeis from other 
trees m its gnailed and contorted 
mam blanches and in having its 
budB ciowded round the ends of 
the twigs (see Art 320) 

In the commoner variety of the 
Common Oak (Stalked Oak) each 
gioup of acorns is carried on a 
stalk , m the other vanety (Ses¬ 
sile Oak) the acorn-group has no 
stalk The Oak leaf has small 
stipules which soon fall off In 
Stalked Oak there is no leaf-stalk, 
or a very short one, m Sessile Oak 


the leaf-stalk is long, in Sessile 


Oak the blade is firmer, more tapering at the base, and has 
hairs on its lower side. 



486 


TEBES AND SHEUBS 


The flowers appear with tlie leaves in April or May. The 
mole catkin bears numerous flowers scatteied singly or in 
groups on the axis, each flower (Fig 160, c) has a deeply 
5- to 7-lobed “ calyx ” and from 5 to 12 stamens The 
female catkin has fewer flowers (1 to 5); each flower has 
a shallow cup covered with triangular overlapping scales, 
and inside this, the future acom-cup, theie is a 6-toothed 



Pig 100—Oak 

A, Male, 13, Female Inflorescences, 0, Male ilovoi, D, Female flowoi in section 

"calyx” (Fig. 160, d, perianth) inserted above the small 
ovary, which has a style with thiee stigmas. The ovary 
has three chambers, the ovules (two m each chamber) are 
not even developed until aftei pollination. As a rule only 
one seed is present m the ripe acorn \ still one often finds 
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three or more, especially in looking for seedlings Tlie seed 
is filled np by the embryo, whose thick cotyledons contain 
starch, together with tannm, oil, sugar, etc See Art 160 

[594 A few notes may be added on some mtroduoed Oaks commonly 
grown m Britain, whioh differ from the Common Oak in various details. 

(1) Turkey Oak has the leaf-lobes long and pointed, and the aoorn 
(not ripened until the year after the flowers open) has its oup covered 
with long outgiowths , this Oak is also called the Moss-cupped Oak. 

(2) Evergreen oi Holm Oak, with overseen leathery leaves, entile 
or with spiny mat gin, glossy above, greyish below. (3) Cork Oak, 
like Evergreen Oak, but with thiok ooiky baik ] 

595. Beech. (Fagus 8ylvatica)> which is so easily dis¬ 
tinguished by its smooth grey bark, its ovate leaves, fringed 
with hairs when young, its long biown tapering buds, and 
its three-sided nuts m pairs within a four-lobed spiny cup, is 
one of our largest trees, often over a hundred feet high 
It frequently has very characteristic rounded ridges or but¬ 
tresses at the base of the trunk, which run out to the shallow 
roots. 

The leaves are arranged in 
two lows, and on horizontal or 
inclined branches their inser¬ 
tion is nearer the lower than 
the upper side of the branches, 
by twiBtmg of the stalks the 
blades all piesent their upper 
faces to the light The blades 
vary m shape, hut are usually 
symmetrical and taper above 
and below On young trees 
the dead leaves often remain 
attached during the winter 

Besides the ordinary long 
branches there are dwarf shoots which grow very slowly and 
bear few leaves each year, inspection of the 11 gndle-scars” 
(close-set soais of bud-scales or former end buds) will often 
show that a dwarf shoot has grown less in length in about 
twenty years than a long shoot in about a month The dwarf 
shoots do not branch, and bear crowded leaf-scars and annual 
girdle-scars. Sometimes a dwarf shoot grows out, after 



Fig 101 —Tbo Beouli, with n Fruit. 
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several years, to form a long shoot, owing to the fall of a branch 
above it or some other cause winch gives it plenty of light 
Carefully examine a branch of Beech and note how beauti¬ 
fully the long and short shoots are arranged and mixed and 
how the sizes of the leaf-blades are varied, so that the leaves 
form a close mosaic and catch a laige amount of light Hold 
the branch agamst the light, and you will understand one 
leason why the Beech casts such a dense shade and why so 
few plants can grow under Beeches, when growing m a wood 
the mam tiunkruns up nearly to the thick crown of tho tree, 
but m the open the stem branches low down into several 
strong cylindrical trunks, while the leafy “ciown” comes 
nearly to the ground Eiom these observations you will 
understand why Beech is called a “ shade-enduring” tree 
(more so than any other tree in Britain), while Buck is called 
a “ light-demanding ” tiee 

The long zigzag twigs have the buds stand mg off at an 
angle of about 60°, the end-bud may either peisist or be 
replaced by the uppermost side-bud. Each bud stands at 
the side (uppei side) of the leaf-Bcar (small, oval, with three 

bundle-scars) In autumn 
the tips of the shoots cease 
to form leaves, but keep on 
forming stipules winch act 
as bud-scales The scales 
are pale brown, ai ranged 
m four rows, the outermost 
scales aie broad, short, 
pointed, but those further 
in are longer, narrower, and 
more delicate m texture. 
The first seven or eight 
pairs of scales have no leaves, 
but the innermost pairs have 
a small leaf-blade between 
them, then come the pleated 
foliage-leaveB with their sti¬ 
pules densely covered with 
silky hairs. 

As a rule the highest buds on a twig grow into long shoots, 
those lower down into dwarf shoots, and the lowest ones 



Fig Ui2 —Beeuli 

A, Mule inflorescence, B, Male flower, 0, 
Female inflorescence, D, Cupula with nnte 
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remain dormant, tlie donnant buds do not, however, remain 
alive and capable of growth for nearly so many years m 
Beech (rarely 20 yeais) as m other trees, hence one does not 
see young shoots giowing from the old trunks of Beeches, 
like those on Oaks, Elms, etc 

The flowers, which come out with the leaves m spring, are 
in clusters at the ends of slendei branches which nnse singly 
m the axils of the leaves, the female clusteis being highei up 
on the twig than the male The male branch has a long 
hanging stalk, that of the female bionch is shorter, thicker, 
and erect The numeious male flowers (Eig 162, b) have 
each a bell-shaped “ calyx ” with five to seven teeth, coveied 
with hairs, and about ten stamens The female branch has 
only two flowers (Fig 1C2, o) suirounded by a foui-lobed cup 
coveied with Boft outgrowths, each flower has a “calyx” 
with four to eight teeth above the three-chambered ovary 
(two ovules m each chamber), and the style has three 
stigmas 

After fertilisation the cup becomes woody and its ont- 
giowths stiff or even spiny , about October the four lobes 
spiead out and let the nuts escape (Fig 162, d) The nut 
is filled by the einlnyo, which has two folded cotyledons 
On germination the cotyledons aie canied up and spread out 
as broad gieen leaves For several yeais the young plant 
grows very slowly ; each year the end of the stem bends over 
so that the leaves (set m two lows) shall not shade each other, 
then the upwaid growth for the next year is canned on by a 
bud on the top of the bend 

The Copper Beech is a voiiety of Common Beech m 
which the epideimis of the leaf contains a led pigment (dis¬ 
solved m the sap of the epidermal cells) , the mesophyll 
consists of green tissue, as m the ordinary Beech 

596. The Hornbeam is usually much smaller than the 
Beech, and is most commonly seen in hedges, but its leaves 
and flowers resemble those of the Beech, though the former 
aie not shiny, and aie doubly senrated The male flowers 
are m dense cybndncal catkins, and the female flowers in 
loose catkins Tlie fruit has one seed, and is enclosed m a 
lobed bract (Fig. 164), which enables it to be canned by 
the wind. 
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[ 507. The Sweet oi* Spanish Chestnut lias long, oval, 
ionlhM icuwh, which remain on tlie tree till late autumn, 
when they iiHHiinm a ncli golden colour. Tlie flowers are 
jnmlui'ctl in long Bpilcce during July, the male floweis being 




Kltf. Ini. Tint Jimiilumm, with OluBtoi 
uf Kriil in. 


Fig 104 —Fruit of Hornbeam 


H jf unfed i>n 1 he upper parts of tlie spike, and tlie female 
flowers ni'iir 1 1 hi In iso. Tlie former soon witliei ancl tail, 
while flu' lat lor develop into tiny husks, lined by silky hairs. 
Mid iMii'lt eoiibiinm^ from two to five pointed nuts, some ot 
which do not fully develop. The fruit is npe m September, 
mid lulls m October, wlien tlie cupule splits and exposes 
die mils. The needs ripen in Britain only m warm seasons 
or favourable localities.J 

598. Elm (I'W 165, 166 ).—There are two kinds of Elm 
in I frit ul n, file Common or English Elm (Ulmuscam^estna) 
mid f.lio Wyok, Soots, or Mountain Elm. (JJlmua mon- 
roughly speaking, most Elms mowing sou^ of e 
Trent Mong to the former species, while most Elms north 
0 p Um Trmit linlnutr to the latter. 

in both KIiiih f.lui bark is rough and shoote aie often pro¬ 
duced from the lower part of the trunk. Both grow # mto 
fall troi'H (ini to about 120 feet), and have shorfc-Btelked 
Hhnplo enfire doubly-tootlied leaves arranged alternately in 


TREES AND SHRUBS. 


491 


two side-rows on tlie stem The blade is roughly heart- 
shaped m outline, but one half (that nearest the tip of 
the twig, or that faithest from 
it ?) comes off the leaf-stalk lower 
down than the othei half and 
bulges out, so that the blade is 
lopsided 

The advantage of this lopsided¬ 
ness is easy to observe if you hold 
a leaf-bearmg twig up to the light 
and notice how the largei half of 
each blade tends to fill up what 
would be a space (it the leaf were 
symmetrical) between the leaf, the 
stem, and the leaf above This 
peculiarity of the leaf-blade, 
enabling the leaves on a twig to 
catch more light without too 
much oveilappmg of each other, 
is a simple method of pioducing 
a leaf-mosaic; it is moie pio- 
nounced in the Wych Ehn (leaf 3 to 6 ins long, up to 3 ms 
across broadest part, taper-pointed) than m Common Elm 
(leaf about 2 ms long, not so pointed). 

In Wych Elm the ciown is broader and the mam branches 
more spreading than in Common 
Elm, the latter has its bark more 
deeply furrowed There are two 
lands of buds, the higher ones aie 
pointed and grow into leafy shoots 
(either long shoots or dwarf shoots), 
while the globular lower buds pio- 
duce clusters of flowers The buds 
have much the same structure as m 
Hazel, the young leaves have stipules 
which soon fall off; the branches, 
like the leaves, are in two side-rows, the true end-bud dies 
off each year, and the uppermost side-bud replaces it 
The flower-buds open first, in March or April, each pro¬ 
ducing a dense tuft of small brownish-green flowers; each 
flower lias a bell-shaped “ calyx ” with four to eight lobes, a 
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A 

Fig H1U— Elm 
A, Fluwoi , B, mil 



Fig lb r i —Tlie Elm, with Oluateis 
of Fnittfl 
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stamen opposite each, lobe, and a two-cliambei ed ovary with 
two long red stigmas (Fig 166) At fiist the stigmas pio- 
ject beyond the stamens and are leceptive, but aftei a tune 
the filaments lengthen and cany out the antheis, which then 
open The pollen is earned by the wind, it is obvious that 
sell-pollination is prevented during the female stage of the 
flowei, but it may occur when the antheis of the fiowei open 
if cross-pollination has failed 

The ovaiy becomes an akene, with a thin wmg around the 
seed-containing part, the fruits (oval, notched above) aie at 
first green, but become biown aud ripe by May In Wyeh 
Elm the seed is at the centre of the fnut (about 1 m long) , 
m the smaller fiuit of Common Elm (about \ m long) it is 
above the centre The Beeds of Common Elm are said lievei 
to germinate m this country, but this is laigely atoned loi 
by the fact that this species of Elm sends up numerous 
snckeis fiom its loots, so that one often sees a long stietch 
of hedge on each side of an old Elm, or a thicket ol young 
Elms aiound the paient tree. The Common Elm is not 
legarded as a native British tiee, but as having been mtio- 
duced within histone times The Wycli Elm, regarded as 
native, does not pioduce suckers, as a rule, unless the tree is 
cut down, its winged akenes (samaias) aie well adapted foi 
wind-dispei sal, and m gei ruination the green cotyledons nio 
earned into the air 

Common Elm differs from Wych Elm chiefly in having 
smaller leaves, flowers, and samaras , fewer “ calyx ’’-lobes 
and stamens ; in the non-germination of its seeds m Biitam, 
and its production of suckers in large numbers fiom the 
roots ; m the direction of growth of its mam blanches and 
the shape of the ciown. 

599. Sycamore Maple or False Plane ( Acer psetido- 
platanas ), usually called simply Syeamoie (though tins name 
was originally given to a wild Fig, Ficus sycomorus , growing 
in the East), is not a native of Britain, though so common 
here; its home is m central Europe aud western Asia The 
Sycamore is really a species of Maple, the only native British 
species of Acer is the Field or Hedge Maple (A campestns ), 
but two other species are commonly giown— Norway Maple 
(A. platanoides) and Ash-leaved Maple (A negundo) They 
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all liave the leaves in crossed pairs (therefore in four rows, 
decussate arrangement) and a fruit which sphts into two 
(sometimes three) winged akenes 
(samaras) 

The Sycamore Maple (Fig 
167) is a famly tall tree (up to 
60 ft) , the bark long lemains 
smooth, but eventually becomes 
rough and scaly Each leaf has 
a stalk whose broad base extends 
about half round the stem , the 
blade (4 to 8 ms broad) lias five 
‘ id toothed lobes and is 
and daik-green above, 
and light-green below 
The main vems spread out 
from the top of the stalk, one running to each lobe and 
giving off side-veinB, in the young leaf the veins are 
fringed below with hairs, but in the old leaf the hairs are 
confined to tufts at the points where the secondary vems 
]oin the five mam vems 

On a honzontal branch the leaves oie ananged so that 
the blades may get as much light as possible, the leaf stalks 
vary m lengfcii, and those of the upper and lower rows of 
leaves become twisted, wlnle the blades vary in size, m 
amount of lobmg and sizes of the lobes, so as to produce an 
effective leaf-mosaic On a moie or less horizontal blanch 
the buds (Art 318) on the upper and lower sides either 
remain doimant or grow into veiy short shoots, so that on 
an old branch of this kind the long twigs are confined to 
the flanks, but on more eiect branches there are strong 
twigs on all sides, especially on the side farthest from the 
middle of the tree How may these facts he explained P 

A flowering shoot (how can you tell in winter which buds 
contain an inflorescence P) bears one or two pairs of leaves 
and endB in a long hanging bunch of stalked green dowers 
At the base of the inflorescence branches bearing each about 
three flowers arise from the axis, hut lugbei up it gives off 
single flowers Note the five sepals, the five petals (narrower 
than the sepals), the Btamens (8 to 12) inserted on a yellow 
ring-like cushion (nectary), the hairy flattened ovary (two 


point* 

shiny 

dull 
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chambers each with two ovules), and the short style with 
two curved stigmas Ab a lule the central flower m each 
group has a fully developed pistil, and eight stamens with 
short filaments, but the antheis (though containing pollen) 
do not open, so that the flower is practically female The 
other flowers are male, having eight to twelve stamens with 
long filaments, and a small sterile pistil. Sometimes a whole 
inflorescence consists of these male flowers, in all cases the 
male flowers appear to mature before the female flowei s The 
flowers are visited by insects, chiefly bees and flies 

The fruit has two spreading and diverging wmgs, one pro¬ 
duced fiom the outBide of each chamber or half-fruit Each 
chamber contains a large rounded seed (Art 161) Eventually 
the whole inflorescence falls off, leaving a saddle-like scar on 
the stem 

600 The Field Maple is a small tree (rarely over 30 ft high) 
with spreading branches , the bark has numerous fine furrows dividing 
it into scales The leaves are smaller than those of Sychmore, with 
blunt lobes and both surfaces nearly alike The buds are small and 
pressed against the stem The inflorescence is ereot, and its branches 
are arranged so as to bring the flowers nearly to the same level, the 
flowers are male, female, or perfeot The wings of the fruits are hori¬ 
zontal or even bent downwards, and the seed-chamber is flattened 

[60X. The Norway Maple is rather like the Syoamore m size and 
general appearance, but the leaves are smoother and the buds are red 
(sometimes they are red in Sycamore), the inflorescence is like that of 
the Field Maple but with more flowers, and the fruit has horizontal 
wings but is larger than m Field Maple ] 

[602. The Ash-leaved Maple or “Box Elder” is a North American 
tree with oompound leaveB, there are from three to five leaflets, the lower 
ones m pairs, the odd leaflet often three-lobed The twigs droop, and 
are green when young , the bud has no proper socles, but is protected 
by the base of the leaf-stalk in whose axil it stands The flowers have 
no petals and no neotary , they are completely unisexual, the male and 
female flowers being on different trees The male flowers are in hang¬ 
ing tufts, each flower on a long stalk, the calyx is bell-shaped, the 
stamens (3 to 5) have long filaments The female flowers are m loosely 
branched racemes, the sepals are small, and the pistil, with its long 
stigmaB, projects well beyond them The flowers open, with the leaves, 
m April, and are wind-pollmated, the biown fruits (npe in August) 
have the two wings nearly parallel or converging at the top The 
leaves are often variegated with white blotohes, or may bo entirely 
white in Borne oases, but the tree always has plenty of green leaves 
besides the vanegated ones ] 
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[603. Horse Chestnut {Aesculus hippocastanum ) is a large 
tree (about 60 ft), with erect trunk and pyramidal head, it 
is a native of Asia and North America and was intioduced 
into Britain about 1630 The name is piobably derived from 
the resemblance of its seeds (too bitter for human food, 
though eaten by various animals) to the edible fruits of Sweet 
Chestnut, “horse” being a contemptuous prefix meaning 
coarse, os m Horse Radish, or as “ dog ” in Dog Yiolet, Dog 
Daisy, etc 

The twigs are thick, the buds (Ait 319) large, biown, and 
sticky; the branches ascend at first, then bend downwards 
and often curve up again at the ends The balk is smooth 
for many yeai s, but later becomes grooved and scaly. The 
leaves are in crossed pairs As in Sycamore, the leaves differ 
according to their position on the branches, the lower ones 
having larger blades and largei stalks, but the mosaic is made 
more perfect by the fact that the leaves are compound, so 
that the individual leaflets can vary in shape and thus 
catch the light more fully. 

The leaf-stalk has a bioad base and is also bioadened at 
the top where the leaflets (5 
to 9, typically 7) come off 
The leaflets themselves have 
no stalks; each has a sharp 
tip, just below which the 
leaflet is 'broadest, and a 
toothed edge On a hori¬ 
zontal branch the lower buds 
either remain dormant or 
grow into small and short¬ 
lived twigs When the in¬ 
florescence eventually falls off 
from the end of a flowering 
twig, a saddle-shaped scar is 
left, and the onward growth 
is usually continued by one 
of the uppermost side buds 

The flowering branches (Fig. 168), whose buds are much 
larger than the ordinary buds, resemble those of Sycamoie in 
general structuie, but are erect; they open in April or May, 
as a rule, sometimes not until June. The thick erect axis 
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bears clusters of flowers below, single flowois at tlie top 
Each cluster contains (1) male flowers, with stamens but no 
pistil, (2) complete flowers, of which some are really female, 
since the stamens fall off before the anthei s open, (8) flower- 
buds, which do not open but wither and fall off 

Each flower is stalked, stands out lionzontally, and is 
inegular (zygomorphic) , there aie five united green sepals 
forming a bell-shaped calyx, four free petals (an upper pair 
and a lower pair, sometimes with a fifth odd petal below) 
Each petal is white, with a yellow blotch (larger in the two 
uppei petals) which later turns red, and jagged edges 
Within the petals there is a ling-like nectaiy, thickest at 
the uppei side of the flower, and within this the stamens 
(usually seven) are inserted Each stamen lias a long 
filament which turns up at the end and bears a red anthei 
The piBtil has a three-chambeied ovary (two ovules m 
each chamber) and a long pointed style bearing stigmatic 
hairs. 

The flowers are visited by insects, especially bees In a 
perfect flower the style is ready to leceive pollen before the 
anthers open When a bee visits a newly opened flower the 
style, which projects foi words and upwards, touches the bee’s 
abdomen, while the unripe stamens are bent down Latei 
the stamens npen and turn forwaids and upwards, so that 
the anthers aie biought into the position formerly occupied 
by the style Cross-polhnation is fuither aided by the fact 
that the male flowers in an infloiescence are the first to open, 
also by the piesence of the “ female ” floweis, i e those whoso 
anthers fall off without having opened 

The ovary glows into a biown globular spiny fruit (a 
capsule, though differing from most capsules m having a 
rather fleshy wall), which opens (about October) by three 
valves and usually contains two seeds See Art 166.] 

[604. Some varieties of Horse Chestnut have “ double” flowers, with 
structures intermediate between petals and stamens. The Buckeye 
Horse Chestnut {A pavia or Pain a inibra) is a Hniall tree (up to 20 
ft), with five stalked leaflets to each leaf, dull (not stioky) buds, small 
flowers, and smooth fruits The Bed Horse Chestnut (-4 ruJacunda) 
has veiw dark-green leaflets, dark-red flowers, and spiny capsules, but 
stalked ] ^ m 1110 ^ ll °k°y e ) spmcllo-hkc in outline, though not 
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[605. The Lime.—This tree (Fig 169) grows wild m a 
few of the southern counties, and is consequently sometimes 
supposed to "be a native; hut 
this is doubtful, since the seeds 
do not germinate m unculti¬ 
vated soil It does not flourish 
well in the north The leaves 
are heart-shaped, with serrated 
edges 

Its flowers, which bloom m 
June and July, have five sepals, 
five petals, many stamens, and 
a five-celled ovary with two 
ovules m each They are of 
a greenish yellow colour, and 
have a long leaf-like bract at¬ 
tached to the axis of the inflorescence (a cyme) They are 
also very flagrant, and produce abundance of nectar, and aie 
consequently very attractive to insects The fruits are nuts, 
and the persistent bract forms a wmg which aids m their 
dispersal by wind ] 
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[606. Common Lilac (Syririga vulgai fa), a native of Persia 
and Central Europe (mtioduced into Britain about 1600), 
forms a shrub or small tiee (up to 20 feet), which grows 
rapidly (as much as a yard pei year foi the first tlnee or 
foul 1 years), but does not last very long—about 20 years m 
rich soils, but 40 or 50 in dry poor soils (why this drffeience 
in duration ?) , it is well known for its handsome appealance 
when in leaf and its abundant and beautiful flowers. It sends 
up suckers profusely in all directions, why do gardeners 
clear these away as they appear, when a fine tiee is desired ? 

The leaf has a long stalk, the blade, usually heart-shaped 
but rather variable m outline, is thin and has its surface 
smooth and its edge entire. The leaves are m ciossed pan’s 
The buds are large and green, the bud-scales are smooth 
and green, in crossed parrs As a rule the end-bud has 
either died off or produced an inflorescence, so that the end 
of a twig usually has two buds side by side. The buds are 
somewhat sunk in the base of the leaf-stalk in whose axil it 
Btands, and each has four or five parrs of hard scales, then 
B. p m. 32 
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about ten pan’s of young leaves winch just touch each other 
at the edges, so that the bud is a very easy one to dissect 
Some of the buds contain only leaves, otheis (larger) both 
leaves and an inflorescence 

The flowers (blue, purple, red, or white, in diffeient 
varieties) are m large loose clustei s, the main axis bearing 
gioups of stalked flowers on its branches The calyx is 
short and four-lobed, the corolla has the same general shape 
as that of a Prnniose, consisting of a long ti urn pet-like tube 
and four horizontal lobes There aie two stamens nisei ted 
by short filaments on the inner surface of the corolla-tube 
The ovaiy is two-chambered, the style long and ending in 
two small stigmas Besides being fragrant, the flowers lnwe 
honey, pioduced at the bottom of the tube, they are visited 
by bees and butterflies The capsule opens by two valves , 
the calyx is persistent J 


[607. Besides the Common Lilac several othei spooios arc giown m 
Britain, e g Persian Lilac (S pensiai), introduced in 1841), with pm pie 
flowers (in some varieties white), small lauco-shaped leaves (m some 
\aneties lobed deeply), a small shrub (4 to ti feet), Josika’s Lilac 
[S jObi/xtea), about as large as Common Lilao, but with loaves broadly 
lance-shaped, wrmkled, shoit-stalked, and white below, lntioduoed m 
1835, flowers purple, but the corolla-lobes not spread out, and the 
Rouen Lilac [8 i othomageutsw), a hybrid between Common and 
Persian with intermediate characters, a shrub about 7 feet high 
All the Lilacs are propagated by the suokors, good seeds aio not 
usually formed unless the suckers aie mostly out away and the bunches 
of flowers thinned out (why?) They can all bo grafted on the Asli, 
which belongs to the same family (Oleaceae) ] 


608. Common Ash (Fraxmus excelsior) is a fairly tall 
tree, often 80 feet high, it is a native of Britam, but lias 
generally been planted It is easily distinguished by its 
stout grey twigs, usually turned up at the ends, its compound 
leaves m crossed pans, and its stumpy black buds, also by its 
characteristic “ keys ” See Big 170 
Note that the base of each leaf runs down on the stein as 
a projecting cushion, so that the stem is flattened below each 
pair of leaves, this gives the twigs a knotted appearance 
when the leaves have fallen The leaves have about five 
pairB of side-leaflets and an end-leaflet; the leaflets are 
stalkless, narrow, pointed, and slightly toothed. 
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The buds have 4 to 6 pairs of scales, of which only the 
outennost ones (2 to 4 scales) aie visible on the outside, 
these outer scales aie covered 
with black bans When the 
bud opens, one generally sees 
transitions between the bud- 
scales and the foliage-leaves. 

The laige end-buds glow mto 
leafy shoots, but in Apnl, be¬ 
fore the leaves appeal, clusters 
of floweis grow out fiom the 
side-buds 

The inflorescence shows the 
same blanching as in Lilac; 
the main axis gives off blanches 
which blanch again, and the 
last blanches end in flowers 
The flowei s may be eithei male, 
iemale, oi peitect, tbe three hinds may he piesent on the 
same tiee or on sepai ate tiees, being giouped m vauous 
ways Tlieie aie always two stamens in a male oi peifect 
flowei (filaments joined below in male flowei), while the 
pistil is bottle-shaped and consists of a two-eliambered 
ovaiy, Lapenng style, and two stigmas The floweis 
aie mostly wind-poll mated, though sometimes visited by 
insects 

The fruits are winged akenes (samaras) , the long and 
often twisted wing is formed from the top of the ovary 
and shows at fiist the leuiaius of style and stigmas on 
its tip Note the thickened basal pait of the key, forming 
a cavity which contains the smgle long flat seed When 
the seed germinates, the whole key is earned up, the 
cotyledons remain inside it at fiist to absorb the food 
stored m the endosperm, then come out and form oval gieen 
leaves The fiist foliage-leaves are three-lobed, but not 
compound 

[In tho Manna Ash (Fi axi?ma omuls) of South Europe the flowers 
have sepals and peta^ bo that the Common Ash has evidently lost 
those paits through becoming wind-pollinated The Ash belongs to 
tho same family (Oleaoeae) as Lilao, Jasmine, Forsytlna—commonly 
oultivated Blirubs—Privet (m Britain), and the Olive ] 



Fig 170 —Tho Ash, with Cliwtm 
of Fniits 
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609, Motes on Other Common Trees and Shrubs — 

The trees and shrubs alieady described m tins chapter and 
under their Families m the preceding chapters are not men¬ 
tioned m the following hsts. Introduced (/ e not native to 
But) trees and shrubs are placed m square brackets. 

I Leaves in Opposite Fairs, Simple, with Entire or Serrate 
Margins. —The following aio deciduous:— 

Spindle Tree (Euouymus curopafit*), 0-20 ft, 4-angled twigs, 
leaves lanceolate, greenish-white rog ills in cymes, pails in 4 'h, red 
4-lobed fruit with largo oninge sccdH 

Dogwood [Gormttt mutfitmrft), 0-10 ft , luigs led, aoute ovate leaveH 
turning deep red in autumn, reg. ci cum-win to ill’s, in cymes, K (4) 
minute, 0 4, A 4, G (2), black berry 

Honeysuckle {Lonuwa pandyrnuunn ), 10-20 ft, loiig-tuhurlssygnni. 
flis in heads, red beuy [sevoml oulUl spocioH, sumo with leaves joined 
by bases aiound Htem] 

Wayfaring Tree ( Viburnum Umtava), 0-20 ft, bioatl ovate leaves 
downy below, white reg ilrs milal cymes, bony led but dually black 

[Dierrilla (= Weiyelu i), 3-0 ft , aoute ovate seirate leaves, huge ill k 
with leg funnel-shaped O-tube, wlnoh changes colour aftei pollination, 
large stigma, laige neatary at base of style, mmuto ovary ] 

[Snowherry {tiyinphoricaipu#), 3-0 ft., ovate entiio loaves, small 
globular flis , while homes ] 

[Ley cent aw, almost evoi green, trained against walls, G-S ft , leaves 
lanceolate entne, iiiH. purplish-white m dioopiug lacomeN with largo 
purplish fimgod biaals (gen 0 to each whorl of ills ), K (0), (J (f>) 
with funnel-shaped tube and spreading loboH, AC, (} (5), laige purple 
beuy ] 

[Mock Orange ( PhUaddphun ), white leg ilrs , K (4-5), (J 4-5, 
A oo, (f 4, oapsulo ] 

\_Devlzm , 4-Gft, twigs purplish mid downy, white log ilrs., K (5-0), 
C 5-G, A 10-12, G (3) ] 

[//yi/?ct 7 ?r/e«, 3-G ft, leaves seirate (sometimos lobod), leg lira m 
huge corymbs, K (5), 0 5, A 10, G (2), outer flis (or all) stoule with 
potaloid oalyx.] 

[Catalpa, 20-30 ft, largo cordate loaves (Homotimos in 3 ’h), largo 
white flis in inti like that of Hoiso Ohostnut, K (5) 2-lipped, C with 
bell-like tube and 4 loboH, A 5 (3 sterile, 2 foitiio), G (2), capsule long.] 

[Ihiddleia, 12-15 ft, twigs 4-angled and downy, leaves lanceolate 
downy below, fliu small m stalked yellow-orange globular heads, 
K(4),C(4), A4, G(2).] 

\_Fornythia, allied to Lilac and Jasmine, twigH 4-angled, leavOB 
lanceolate, yellow dioopmg ilrs m tufts aiipoaring before loavos.] 

The following aie evergreen •— 

Box (ifrianw), 8-12 ft, twigs 4-anglod, loaves oblong J-l m., firs, 
green m small spikes (lower $, uppoi one ?); J ik'* bos P 4, A 4, 
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and a central neotary (= sterile pistil); 9 fir 1ms P co, G (3) with 
3 style and 3 nectaries; capsule opens explosively by 0 slits and eieots 
the 0 Beods 

Privet {Lujuatrum), 4-10 ft, leaves longer and not so persistont as 
m Box, twigs oylindiioal, inti as m LilftG, firs, wlute, K (4), 0(4), 

A 2, O (2), blftok beny 

[Periwinkle ( Vvnm), 2 species m Brit {minor and major), but not 
natives, fiowerless steins trailing and rooting, but flowering branches 
erect (note diffeient auangement of leaves), firs solitary, K (5), C (5) 
with long tube and flat limb, AC, 0 (2), fruit = 2 follicles but rarely 
fanned in Brit ] 

[Variegated Laurel {Aucidiajaponica), allied to Dogwood, 6-10ft , ** 
very lmrdy and smoke-enduring, laige seriate yellow-spotted leaves, 
biown-red firs £ and 9 on separate plants, it (4), C 4, A 4, 0(2), 
rod 1-seeded berry ] 

[Lauruatinus ( Viburnum t%nm), allied to Wayfaung Tree, 8-10 ft , 
flis. white (buds pinkish) m corymb, Deo -Mar , all fertile ] 

II. Leaves in Opposite Pairs, Simple, Lobed.— 

Guelder Rose ( Vibin mnn opuJua), liko Wayfaring Tree, but leaves 
deeply 3- or 0-lohcd, petiole with glands below blade, outer flis of 
oymo largo and stenlo, bornos rod 

III Leaves in Pairs, Compound, Pinnate.— 

Elder (Smith nr it* niffia), 10-30 ft, twigs angular with conspicuous 
lenticols, side-loatlots in 2-4 pairs, white rog ihs m huge flat oymes, 

IC (6), C (S), A 5, C4 (3) 

[Jasmine {Jaamnutm), Bevoral species oultd , with varying number 
of leaflets, all twining or rambling plants, allied to Lilaa, firs, scented, 
yellow or white, with long narrow C-tubo, fruit a 2-lobed berry but 
not often foimed in Brit ] 

[Trumpet Flower {Biipionict capieolota), climbing by leaflet- 
tendrils, leaflets gen 2, oblong cordate; firs huge, oiange-brown, 
zygom , K (5), O (6) 2-lipped, A 2 + 2, G (2)_, oapsule 2-valved, 
seeds with brood wing ] 0 

[Rooting Trumpet Plower (Tecoma rudicanA), climbing by roots 
like Ivy; leaflets (gen 7 or 0) ovate serrate, flr. as m Bvpionm, but 
O-tuho long, firs red ] 

IV. Leaves Alternate, Simple, Entire, or Serrate. The 
following are deciduous — 

Common Buckthorn (Rhamvua catharticw), 6-10 ft., with spiny 
branches, ovate serrate leaves (sometimes opp ), small greenish axil¬ 
lary unisexual fit's , parts m 4 ’h, blook berry , Alder Buckthorn (7? 
fravgnla ), not spiny, leaves obovate entire, firs $ , parts in 5’s. 

Bog Myrtle oiSweet Gale ( Mynca ), 2-3 ft ; leaves obovate or 
lanceolate, serrate at tip , firs m catkinR before leaves 

Sea Buckthorn (ffippophrw), 1-8 ft., on sandy shores , branohes 
ending m a spmo ; loaves lanceolate, silvery with star-like hairs , firs, 
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small, axillary, $ and 9 on separate plants , $ Hr lias P of 2 scalof 
which cover the 4 sta in wet weathei and expand when the an 
is dry, $ fir has 2-lobed tubular P which becomes fleshy nrounc 
akene 

Mezereon (Daphne mezeieou, much oultd , but poihaps native u 
S England), 2-4 ft , leaves lanoeolate , flis led (somotimos white) 
small, reg, before leaves, P (4) with tube and spreading lobes, 
A 4 + 4, G 1, berry rod oi yellow. 

Barberry (Be> be.™ rnlaans), G-10ffc. s otton oultd , 1ms long Bhoofr 
with their leaves passing into 3-lobed apmes and beating m their a\ih 
Hliort shoots which produce ordinary lca\os and intis , leaves obovait 
senute , flis in dioopmg laoemos, yellow, P 12 in 4 series (all pcUiIoul, 
but only the 2 liinei seneH lm\e iicetaLies—2 at base of each “petal”) 
A 3 +‘.3, filaments sensitive at base and springing upwards when 
touched, aiitlieis opening bj 2 valves noai top , G 1 ; bony red Set 

Fig 77 

[Mar/uolin, soveiftl species ciillcl , one [ftf yrcnuhfloui) is evoigteen, 
dropping its ]ea\ofl m June, tlio otlteis me deciduous and the Aih. gen 
come botrue loa\es , flis large, whito, scented , K 3 petnlmd (norm 
falling), C 6-9, Aw, G oo, follicles with 1-2 Heeds 11 Tea Plant 11 
[Jjyaam), with spines, a mmblmg shrub, 20-30 ft, lea^H lanceolate 
flis reg , puiplish, K (fi), 0 (5), A fi, (I (2), berry red or yellow ] 

[Mulberry (flfm/M), 20-30 ft , lea\os rough cordate seriate, flrs 
gieomsh, imme\ual , £ m long Hpikes, P 4, A 4 , 9 in heads, P A 
becoming fleshy lound akene mid fanning a compound fruit supeifioiallj 
like that of Blnokberiy ] 

The following arc evergreen — 

Holly {I/ex aqm folium ), 10 40 ft, with spiny (sometimes enluej 
leaves (in some varieties curled and crisped) and small unisoMml Hls , 
$ and 9 011 separate tLees ; paitsgen. in 4’s, but somotimeH in 2’s 
X (4), C 4, A 4, G (4), £ Ill lias a sterile oniry, 9 fli Iuih a Rta 
with sterile anthers, and tiuly 9 A™ sonietimos ooour , fruit a 4-sfrmed 
drupe 

Spurge Laurel ^(Daphic /aureola), 1-3 ft,, leaves nbovalo—lanceo 
late leathery gloBsy , firs (Feb , Mar ) in drooping clusters, pule green, 
scented, structure as in Mezeieon but P-tube longoi (adaptod U 
humble bees and moths) 

Strawberry Tree [Arbutus micdo ), wild in a few places in Ii eland, 
often oultd , 10-20 ft, leaves oblong senate , flrs. reg , oi cam-white, 
m dmoping mfl ; K (/>), C (C), A 10, G (fl), bony globular, orange 
led, until granular suifaee. 

[Tamarisk (Tumoruv ga/liea), on S and E. English goorIs but not 
native; f>-10 ft, a much-branched shrub with \ery slender feather} 
blanches , leaves veiy small , flrs. small, pink oi white, in Hpikes 1 in. 
long, K C, C r>, A ,7, G (3) , seedH with tuft of hairs ] 

[ItJucal/ouia, gen with obovate serrate leathery leaves, bearing 
resinous dots below, and red drooping firs , K (5), G 5 overlapping 
at edges to fora) a “ tnbp” but free, A 5, G (3) ] 
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[Moat common Rhododendrons aie vanetios of JR . ponticum , with 
Blnny leatheiy oblong-lanceolate leaves and purple Hlb , K (5), C (5), 
A 5 + 5, with each anther opening by 2 pores at top, G (5), capsule 
5-valved ] 

[Kalmta , in same Older (Ki icaocao), has the 10 anthers hold in as 
many conical pockets in the corolla, so that when Ul opens the fila- 
monts are bent liko bows, and whon an inseot pokes for honoy it 
roleasos the anthers, the stamens jeikingup and shaking pollen over 
the under sido of the insect.] 

[CeanothuR, American shrubs often grown on walls, with more ot less 
peisistont seriate leaves, firs gen blue in moio oi less globular elusteis , 
allied to Rlmmnu *, K (5), 0 5, A 5, G_(3) ] 


V. Leaves Alternate, Simple, Lobed.— 

Ivy {Hedera hehr) ; examine plants glowing on w'alls, tiee trunks 
(Ivy is not a paiasite), banks, etc , noting any differences in shape 
and arrangement of the leathery leaves (why leatheiy’), the down 
(= star-shaped hairs) on youngest Btems and loaves, the olimbing roots 
(developed at fiisb only on side of stem away from light, but on old 
stems loots anse all round—piobahly to absoib moisture from ail in 
damp woods), the racemose umbels of greenish-yellow firs (Oob.-Deo ), 
K (f>) with very small lobes, C 5, A 5, G (•>), blaok drupe 

Fom species of Ribes glow wild in Brit — li ulpinum , R gi oa&ularia 
(Gooseberry), R iw/unn (Black Cuuant), R rnbrum (Reel Cuiiant), 
the throe latter being much cultd (White Cui rant is a variety of 
Red) , [Crimson Currant {R miiguumim) and Golden Cm rant {R 
auieiim) are favounte spnng-flowenng garden-plants ,] all have lobed 
leaves, fiis (Apr , May) m raoemes (oreot in R alpimim , drooping m 
the others), inferior ovary w T ith 2 parietal plaoentas, a moie or lesH 
devd rec-tube and ielati\ely large sepals, with smallish petals (alt. 
with sepals) and slioit sta (opp sepals) mseited on edge of leo , beny 
with few or co gummy-coated Beeds 

[Plane Tree {Platanm) haH leaves lather like those of syeamoie, 
but are altei vale and the /5 lobes are moio pointed , tlio bulk is thrown 
off yeaily m laige tlnn plates, leaving 1 lght-colon led bare patches , at 
the base of the loaf-stalk are two stipules joined to form a tube sun mind¬ 
ing the stem and leaving a circular niaik on it after their early fall; 
the base of the stalk itself is scooped out to torm a tubular cap wliioli 
covers the bud , the sheath of the conical bud splits into 2 scales when 
the hud opens , besides the long-shoots, dwarf-shoots aio fonued which 
bear leaves and oflon end in a slondei drooping axis bearing 3 oi 4 
globular mils (Apr , May), £ or ? , $ mil compact, beaung groups of 
3 0 sta , each group sun minded by scales , $ inn lias pistils in similar 
groups, each pistil having a long stile , fruiting ? balls remain until 
next spring, wdion tho nuts (ripe in Oct.) aio sot fiee ] 

[Tulip Tree ( Linodendron ) is allied to Magnolia, but lias curious 
saddlo-hko leaves, truncated at the top, with 4 pointed IoIicr, large 
solitary firs. , K3, 0 0, A co, G so, eamaruH (of Magnolia) ] 
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[Figf Tree [Ficus carica) has large bluntly 3- or 5-lobed cleoicluous 
leaves, firs in a hollow oapitulum {opening at top fringed with scales) 
with hi’H at upper pai t of oavity and £ below (Fig 115 a), has 
P(3), A3, ? P(5), G(2)] 

[Vine [Yitis vintfcra) has leaves 3-5-lobed and serrate branohod 
coiling tendrils (eaoli = a modified mti -axis), firs reg , K (5), 0 5 
(joined at top and falling off as a hood), A. 5 (opp petals), G (2), 
berry ] 


VI Leaves Alternate, Compound-— 

[“ Virginian Creepers ” are species of Vitis, though often distd aR 
11 Ampelopsia” (loaves compound, palmate petals falling off separately) , 
V lifdpracca (“Ivy-leaved Ampolopsis ”)has coiling tendnls as m Vine, 
while V veitchu (“ Self-olingmg Ampelopsis ”) has non-ooiling tendnls 
with eaoli branch ending in a stioky diso ] 

The following have pinnate leaves — 

[Walnut [Juglans regia) has 5-9 leaflets ; coarse baric furrowed in a 
network , the pith of the twigs is arranged in partitions separating it 
into chambers , the long diooping catkins arise singly from lateial 
buds whioh pioduoe no leaves, the short ereot $ catkins from end-buds 
whioli also produce leaves, eaolitfoatkm scale has 2 side-bracts and 
a <? fir (P 3-5, A 6-20), the ? spike has 1-4 firs , each with a 1-ovuled mf 
ovary, 2 large stigmas, P = 4 scales on top of ovary, a toothed sheath 
below this (braets), and a soale lower down; fruit = a green thin 
fleshy layer winch splits open irregularly, a 2-valved “stone,” and 
a seed with thin coat, 2 largo wrinkled cotyledons, eaoli 2-lobedf on 
account of the membiane whioh projects in from the “stone,” pointed 
radiole, and small plumule ] 

[Ash Barberry [Malioma), allied to Barberry but with oomp ever¬ 
green leaves, leaflets leathery, margins serrate or spiny, firs as in 
Barberry, but no glands on petals ] 

[Sumach [Rhus typhma), 10-20 ft ; twigs tlnok, oovered with 
velvety down ; leaves large (1-3 ft long) with 8-10 pairs of side- 
leailets, seirate, turning red or purplish in autumn, flis small, 
polygamous, in panicles, K (5), 0 5, A 5, G (3); fruit hairy, dry, 
1-seeded ] 

[Tree of Heaven (Atlanthm) is like Sumach in its large pinnate 
loaves, but the leaflets only turn brownish in autumn, often falling ofl 
and leaving the long bare petiole, firs (Aug ) greenish, polygamous, 
K (5), C/5, A 10 in ^ firs , but fewer in $ firs , G 3-5, samaras like 
those of Asli but smaller ] 

[AWrew/enn, a Chinese tree, 20-40 ft high m 8 Eng, deciduous, 
has large pinnate leaves with ovate coarsely-toothed leaflets (often 
lather deeply lobed), flis. yellow m panicles, K 5, C 4 (each petal 
with 2 scales at base), A 8-10, G (3), polygamous, fruit a brownish 
bladdory capsule ] 
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QUESTIONS ON CHAPTER XXV. 

1 Name three English trees with whioh you are thoroughly familiar 
Describe the habit, branching, buds, bark, leaves, flowers, and fiuit of 
each In what sort of situation would you expeot to find each grow¬ 
ing ? Make yoiu descriptions so deal that the treeB could be easily 
distinguished and identified 

2 Mention ten woody plauts, either native or introduced into this 
country, which have evergreen leaves, distinguishing between the 
native and the introduced speoies. What is the general difference 
between the leaves of evergreen and deciduous woody plants 9 Can 
you give a reason for the difference 9 

3 Give the names and distinguishing characters of two evergreen 
shrubs selected fiom each of the following gioups —(1) Conifers, (2) 
Monocotyledons, (3) Dicotyledons with flee petals , (4) Dicotyledons 
with united petals. 

4 Why does the normal bronolnng of a tree follow its leaf arrange¬ 
ment? What is the airangenient in Apple, Gooseberry, Lime, Bn oh, 
and Lilac respectively 9 What influence has the formation of a tei ruuuil 
flower bud upon the subsequent growth of a shoot ? 

5 Explain os clearly as you con how plants heal their wounds 
Wluit are the conditions Lhat favoui the healthy healing of cut 
siu faoes 9 

6 How are pruning-wounds healed 9 How oan the aot of healing 
be enoouraged and materially helped by the operaLor 9 

7. Make diagrams of the relation of “leaf-buds ” and “ friut-budH ” 
in any fruit-tree with which you are familiar, and also of the shoots 
produced by each How oan you distinguish the two kinds of bud 
before they open 9 

8. What is the object and what do you suppose is the physiological 
effeot of “pruning " fruit-trees 9 What aie the conditions that favoui 
the production of flowers m trees 9 

9 It is necessary, m order to he snooessful in any grafting opera¬ 
tion, to bring together (at least at some part of the junction) a 
particular kind of tissue found m the stem, both of the stock and 
the scion What particular tissue is tliiH, and why is it of so much 
importance in grafts ? 

10 What are the essential conditions of success in the progress of 
grafting? Give leasonB for your answer 

11. What are the conditions that favour the suoceBsful striking of a 
cutting, and why 9 Tlieie are oertain differences m treatment between 
woody cuttings and herbaceous ones. Mention these difleiences anil 
give reasons for same 
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12 Why is it that herbaceous cuttings require light, while woody 
cuttings may be grown, at leaBt for a considerable time, in daikness 9 

13 Why is a moist atmosphere for the first few days helpful, and 
after that harmful, to most herbaceous cuttings 9 

14 In what way doos overwateiing affect the health of the 
outtmgs 9 

15 Why does warmth, in most cases, cause starvation of the roots 
in woody cuttings, while it encourages root giowtli m herbaceous 
cuttings 9 

10 Mention some plants -which are commonly piopagated by (1) 
cuttings of their loots, (2) isolated pieoes of their leaves 

17 How are the following plants propagated (multiplied) apait 
from seeds’—Dahlia, Rose, Carnation, Aspidistra (“Parlour Palm ”), 
Begonia, Pelargonium (tiaiden (leiamum), Anemone, Lilly of the 
Valle} 

18 In removing a bud from (saj) a tuber for puiposes of propagation 
why is it necessai}' to include m the cutting part of the substance of 
the tuber itself 9 

19 Diaw and describe the appearanoe during winter of the buds of 
either Beech, Horse Chestnut, or some other tree Show by drawings 
the stages tlnough whioh these buds pass in spring How can jou 
hasten the natural opening of a bud on a cut branch 9 

20 Descnbe the geneiftl habit, leases, and catkins of any kind of 
Willow (iS kilns) you know Make drawings to lllustiate the stiuoture 
of the flow era and explain how pollination occui s 

21 How oan you tell a Poplai from a Willow in winter? 

22 Describe and explain the process of ‘‘ pollarding” Poplars and 
Willows 

23 Winch Willows are used foi basket-making 9 Wlieie do these 
Willows glow ’ 

24 Descnbe and compare the flowers of Willow and Poplar, giving 
sketches of their stiuoture How are the flowers pollinated ? Compare 
the pollination adaptations of Willows and Poplars 

25 Describe the w inter buds of a Willow or Poplai', with sketches 

26 How can j'ou distinguish fioni a distance (a) the Lombardy 
Poplar, (b) the Aspen 9 

27 How could you distinguish an Alder in winter ? Where do 
Alders usually grow ? 
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28 Desonbe, with sketches, the buds, young twigs, and leaves of 
Aldei. 

29 Describe the mole and female oatkms and flowers of Alder Give 
Bketohes At what time of year ai e the oatkms formed 9 In wliat other 
catkin-beanng tiees can both kinds of ontkin be seen in winter 9 

80 Desonbe the fimt of Alder. In what respect do the fruiting 
catkins of Alder differ from those of otliei catkin-beanng trees 9 How 
could you distinguish an Alder “cone” from a Pine cone 9 Give 
sketches 

31 Describe the appearanoe of a ITazel in w inter IJow can you tell 
the Ha/el (a) by its twigs and buds alono, (/*) by its lea\es alone, 
(c) by its fruits 9 Give sketches 

32 Describe the male and female catkins and flow era of Hazel Give 
sketches 

33 Desonbe the appearance of a Biroli in winter How can you tell 
a Bn oh easily fiom a distance (a) in v intei, {b) m summer 9 Why is 
the Birch called a “ light-loving” tiee 9 

34 Describe the oatkms and floweis of Birch Which kind of catkin 
can be seen on the tiee during the w inter 9 Give sketches 

35 Describe the ripe fitilling catkin of Bnoli How aie the fruits 
dispeised 9 Gi\e sketches 

36 How can you tell an Oak m wintei b^ its twigs and buds 9 Give 
sketches Why nio the buds crowded at tlie tips of the twigs 9 

37 Describe the oatkms and flowers of Oak When do the catkins 
first appeal? Compaio Oak with Birch, Ho/el, and Aldei m this 
lespect (Bvo sketches 

38 Describe the fruit of Oak and compute it with that of Hazel 

39 Describe the general appearance of a Beech (</) in winter, [!>) in 
Rummer Wliat makes the Beech cast such a dense shade 9 Why is 
Beeoh called a “ shade-enduring 55 tiee 9 

40 Descnbe the inflorescences and flowers of Beech, with sketches 
How r do the inflorescences of Beooh and Oak diflei from those of Birch, 
Hazel, and Alder 9 

41 Desonbe the fruit of Beech, and compare it with that of Oak 
How are Beech and Oak fruits dispersed 9 

42 How w ould you distinguish an Elm m winter from a Beeoh, a 
Lime, or a Sycamore ? Describe the lea\eB and flowers of the Common 
Elm, and compare with those of the Wyeh Elm 

43 Desonbe the fruits of Common Elm and Wyoh Elm, with 
sketches How are Elm flints dispersed? At what time of year do 
they ripen ? 
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44 How is the Common Elm chiefly propagated, and how does i 
differ in this respeot from the Wyoh Elm 9 

46 Describe all the external features seen on a Syoamore twig show 
mg several years* growth Give sketches, and explain all the mark 
and structures you have drawn 

46 Desonbe the flowers of Sycamore, and compare with those c 
Hedge Maple. Give sketches 

47 Desonbe the fnnts of Sycamore, and oompare with those of Maple 
How can you distinguish between Syoamore and the true Plane-tre 
{«) in winter by bark and buds, {b) in summer by leaves and flowers 9 

48 Desonbe the leaves of Horse Chestnut, and compare with those o 
Syoamore Give sketches to show the relation between the two type 
of leaf 

49 Describe the flowers of Horse Chestnut, and compare with thos< 
of Syoamore. Note the adaptations for pollination 

60 Describe the fruit of Horse Chestnut, and compare it with tlia 
of Sweet Chestnut How may the latter plant be distinguished by lti 
leaves and floweis 9 

61. Compare the external features of the shoot (excluding flowers 
and fnnts) of Syoamore and Horae Chestnut 

52. Describe the mode of growth and the external features of tin 
Lilac How is the Lilac usually propagated m gardens 9 

53 Describe the flowers and fruits of Lilao, with sketches 

64 Desonbe the winter features of the Common Ash What otliei 
common trees resemble it in some respeots (state these), and how can 
the Ash be distinguished from them 9 

55 Describe the leaves and buds of the Ash, with sketohes What 
distinctive features are shown by the twigs 9 

56 Desoribe the flowers and fruits of Ash, with sketohes, and 
mention the adaptations for pollination and for dispersal. 

57 How would you distinguish the following trees in winter •—Oak, 
Beech, Lime, Horse Chestnut, Elm, Lomlmdy Poplar, Ash, Alder 9 
State how you oan tell the annual segment of growth in a Bhoot. 
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COtflFEES 

610. Scots Pine or “Scotch Fir” (Pimm sylvestris) is 
usually easy to distinguish from other Pines by the bluish- 
green foliage-leaves (“ needles ”) arranged in pans; the bark, 
orange-coloured except at base of trunk, where it is dark , the 
pointed cone, with a dull surface 

The tree raiely exceeds a hunched feet m height In 
plantations or foiests it shows a tall bianchless stem (any 
signs of blanches formeily present ?) with an umbiella-like 
ciown, hut m the open it keeps the lowei branches for many 
years The bark on the upper pait of the trunk peels off m 
thin scales, leaving the suifaee orange-coloured, but near the 
base the scales lemain attached for a long time, so that the 
bark here is tlnckei, rougher, and daiker The structure of 
the buds, then* mode of expansion, and the growth of the 
branches, have aheady been dealt with (Art. 321). 

The stiff needle-like foliage-leaves are borne m pairs, each 
pair on a short or dwarf-shoot. Each leaf is slightly twisted; 
the uppei side is flat, the lower cuived, and the two sharp 
edges hear small teeth (how can one perceive these without 
using a lens ?). The leaves live for three or four years, their 
duration depending on the amount of light they receive 
Each dwarf-shoot bead’s about a dozen small scales, forming 
a sort of sheath at the base of the two needles. The whole 
dwarf-shoot is cast off when the leaves are dead, giving the 
old twigs a rough scarred surface 

Each year a circle of long-shoots is formed, so that the age 
of the tree (after the first three years of its life) can he told 
at once from the number of these circles of branches, or 
their remains if they have broken off. When the end-shoot 
is damaged, one (sometimes more) of the side-shoots grows 
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out so as to replace it, m fact, one sometimes finds tliat one 
of tlie side-buds does not expand along with the otheis, but 
lemams as an “ emergency-bud ” 

The floweis (May, June) are of veiy simple structure; the 
male and female flowers are on the same tiee The male 
floweis (Fig 171) are yellow egg-shaped bodies, about J inch 

long, they lepresent dwarf - 
shoots, and aie ci owded together 
at the bases of the year’s long- 
shoots Each male flower is in 
the axil of a scale, and has 
about four scales at its base, it 
consists of a slender axis hear¬ 
ing numeious spn ally-arranged 
stamens Each stamen lias a 
very short filament and a scale¬ 
like anthei with a small crest 
at the fiee end, on the lowei 
side aie two pollen-sties which 
open by longitudinal slits and 
let out the dusty sulphur-like 
pollen Shake a branch, or hit 
it with a stick, when the male 
flowers are upe Each pollen-giam has two an-bladders, one 
at each side, which make the gnnn nioie buoyant by giving it 
a much laiger surface without much extia weight 

The male flowers fall off aftei tbc pollen is shed, so that if 
the stem goes on producing male floweis year after year it 
shows a tufted arrangement of the needle-healing dwarf- 
Bboots, the tufts being separated by baie parts of stem 
which mark the former positions of tlie clusters of male 
flowerB 

Each female flower or “cone” (Fig 171) arises in the 
position of a lateral long-shoot Its hud grows lapidly 
in the first year and is then nearly spherical (about J inch 
long) and stands eiect on a shoit stalk At the base 
of the cone there aie some small scales, and above these 
come the scale-like carpels Each carpel consists of a lower 
scale bearing on its upper surface a laiger and thicker scale; 
the latter has two ovules (“ young seeds ”) on its upper 
side near the base 



t jg 171 —Hie Pino, nIiuu lug Cuntes 
(Sketch made in June ) 
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Wlule the pollen is being blown about, the axis of the 
cone lengthens so as to separate the scales and allow the 
pollen ginins to reach the ovules Then the stalk of the 
cone bends down, while the scales grow laiger and t-hickei 
and become tightly packed together Next year the cone 
begins again to glow bigger and becomes egg-shaped and 
pointed (about 2 inches long) In the third yeai the cone 
dries up, the scales gape apart (staitmg at the top of the 
cone), and the seeds escape. Examine cones of different 
years Do all the scales ot a npe cone bear seeds ? How 
many seeds are on each scale? Note the long thin wing 
attached to the seed, enabling it to be earned far by the wmd 

The eaily gei munition of the seed has alieady been de¬ 
scribed (Art 173) Aftei the cotyledons have absorbed the 
endospeim and escaped fioin the seed, long needle-like leaves 
aie produced, which stand singly and dnectly on the stem 
In the second year single needles aie pioduced at first, but 
they giadually dwindle upwaids into scaleB, in the axils of 
the uppei scales there arise the two-leaved dwaif-shoots 
Thus the young Pine lesembles adult Fns m having the 
foliage-leaves burno singly and dnectly on the stem 

[611 Other species uf Pine tue of ben grown in Pntuin, and the 
commonest of these are fairly caBy to distinguish from the Scots Pine 
Of tlie kinds with two needles on each dwaif-slioob, the Black oi 
Austrian Blue hat laigei cones, longei (up to 7 ihb ) and darker 
giuon needles, duikoi mid coarser hark , the Stone or Umbrella 
Bine has long (up to 7 ins ) bub Blonder and bnglit green needles, 
hugoi and nioie tunneled cunea (about 5x4 ms ), the Cluster Fine 
has still longiu loaves (up to a fool), thick and ficHhy, cones in olusteis 
of si\ ol often more, long egg-shaped (up to S ins long) The 
Weymouth Fine has its noodles in Jives on the clwaif-slioots, each 
neodlo about 4 ms long, cones cm ved and about 5 ms. long ] 

[612. ILaroli (Lanx eurojoaea) is easily recognised by the 
numerous short thick dwarf-shoots, very conspicuous m 
winter when the tufted leaves have fallen (Larch diffeis fiom 
most other Conifers in not bemg evergieen) See Art 322 

The tree raiely exceeds ninety feet in height, and the mam 
branches, which are not arranged m regular circles as in Pme, 
spread out at first honzontally from the trunk, or bend down, 
but turn up at the ends, while the finer branches mostly hang 
downwards. The Larch is a light-demanding tree, and has a 
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tapering crown, the lower branches die much sooner than in 
Pines when the trees are closely planted. 

The foliage-leaves (about 1 m. long) are soft, flat, light 
green, with a ndge along the lower side and a blunt tip 
Those on the long-shoots are arranged singly and are more 
pointed, while those on the dwarf-shoots 
are crowded to form tufts (20 to 60 in a 
tuft) and are longer and narrower (Fig 172) 
In autumn the needles turn brown and fall 
off 

The male (yellow) and female (red) 
flowers, which occui on the Bame tree and 
open in spring, arise from buds (resembling 
vegetative buds) on the ends of the dwarf- 
shoots The male flowers are solitary, but 
otherwise lesemble those of Pine m general 
structure; the pollen grams have no aii- 
bladders. The female flower has below it 
a tuft of needles (none are formed below 
the male flower) which gradually pass 
above into the scales at the base of the 
flower itself It is always erect or nearly 
so, if the branch itself is not erect, the stalk of the 
female flower curves so as to brrng the flower into the 
light position Its structure is essentially the same as in 
Pines, except that the scales which bear the seeds are at first 
much smaller than the red lowei scales (bracts), the latter 
being alone visible from outside However, after fertilisation 
the bracts wither while the seed-scales grow actively, close 
up, and become woody (but not thick as in Pine). 

The cone npens in the first year and is egg-like (1 to U ms. 
long), it opens in the following sprmg, but the old cones 
lemam on the tree for many years The seeds are winged 
but small, the seedling during the first few years of its 
growth is evergreen, the upper leaves at least remaining on 
the plant during winter ] 



Fig 172 —The Laroh, 
with Oonea. 


i ® 13 - Th e°n 1 7 relatives of the Laroh are the Cedars, the three 
kinds of which are all planted for ornament m Bntain-Oedar of 
Lebanon, Deodar, Atlantio Ce^ar. The Oedare resemble the Laroh in 
general structure, especially in having numerous needles in the tufts 
on the dwarf-shoots, but the needles are evergreen (lasting for three to 
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five years) and niuoli moie rigid (why?), besides being darker green ; 
the male flowers ai e larger (about 2 ms long), the oones larger (about 
3 ms. long) with short broad thin scales In the Cedar of Lebanon, 
the branches are practioally horizontal; in the Deodar or Indian 
Cedar they are more drooping, the whole tree is lighter in colour 
owing to the gi ey hark, the leaves are larger and more bluish , in the 
Atlantic Cedar the branohes are inolined upwards. 


G14. Coniferae. —Most of the other Conifers grown in Britain 
have only ordinary long-shoots oarrymg the fmiage-leaves In 
Maiden-hair Tree ( Ginkgo , now plaoea in a group apart fiom 
Conifers), however, there aie dwarf-shoots bearing tufted leaves and 
flowers, it has fan-shaped deciduous leaves Swamp Cypress 
[Taxodium) also has deciduous leaves , it grows best in moist places, 
and its roots send up eieot oomoal branches, oovered with lenticels, 
whioh aot as aerating organs 

The Conifers may be divided roughly into two groups —(1) those 
with Boaly buds and numerous stamens and oarpels in the cones ; (2) 
those whose buds are not soaly and whioh have few stamens and 
oarpels 

To the first group belong the Pines, Larch, Cedars; also Spruce 
Fir {Picea excelaa t loaves 4-angled and spirally arranged on twigs, 
oones drooping cylindrical about 5 ins long, oones fall off entire), 
Silver Fir (^4 bias pectinata , leaves flat and appearing on twigs as if 
combed out to foim two senes lying horizontally on eaoh side, oones 
oreot with scales falling off separately and leaving cone-axis bare) , 
Douglas Fir ( Paeudotmiga , like Silver Fir in having the leaves flat 
and the braots projecting beyond seed-soales, but like Spruce m not 
having the leaves spread out on eaoh side of twigs, cones drooping, 
seed-scales falling off), Monkey Puzzle (Ai'ancana, blanches in 
regular whorls of 0-8, leaves m more or less definite whorls of 8 with 
stiff spmy tips, and ? cones on separate trees, globular at ends of 
branches). 

To the second group belong Taxodium and Juniper, also many others 
(mostly shrubs or small trees), suoh as Arbor Vitae ( Thuja, soale- 
like leaves in 4 rowB, flattened and fused with stem except at tip, 
twigs flattened and the branohes usually horizontal, oones oblong, 
flattish, small), Chinese Arbor Vitae [Biota, like Thuja , but denser 
in habit, leaves furrowed along the middle, branohes mostly turned 
upwards, leaves smaller and lighter-green). Common Cypress 
( Cupre88U8 , twigs 4-angled, leaves m 4 rows, oones globular). 

G15. Native British Conifers. —Several other Conifers are culti¬ 
vated m this oounfcry, hut the only native [i e not introduced m 
histono tunes) plants of this division are the Soots Pine, Yew, and 
Jumper 

The Tew (Fig. 173) is an evergreen tree with a massive trunk and 
spreading branches The narrow, daik green leaves are glossy above, 
slightly curved, and arc thickly Bet on opposite sideB of the branohes 

B. F. M. 33 
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The male and female floweiB are produoed on separate trees, on the 
under side of the twigs. The male flower consists of a scaly bud with 

a tuft of Btamens (eaoli umbrella-like, 
with about six pollen-sacs) piojooting 
above its summit, the fomale flower 
does not produoe a cone, but somewhat 
resembles a small aoorn (up to J moh 
long) in form, and develops into a 1 ud 
oup-liko “fruit,” containing a small 
“nut,” the top of which is exposed 
The “nut” ib, of course, the seed, the 
oup is an exrtra seod-ooat [aril). 

The Juniper, a bush with orowded 
narrow pnokly leaves in whoils of 
three, about an moh long, also has its 
male and female flowers on separate 
plants, in axils of leaves The male 
flower has the Btamens m 4 or 5 whorls 
(3 stamens in a whoil), eaoh stamen hftH 
3 pollen-saos, the female flower (small, 
Pig 173 —The Yew, with Fruits bud-like, green) lias a few Boales sur¬ 

rounding a whorl of three erect ovules. 
The blaok fleshy “berry,” ripe in the autumn of the second year, is 
about i moh long, nearly globular, and the fleshy port is foimed by 
the scales around the seeds themselves 


QUESTIONS ON CHAPTER XXVJ 

1. Describe the appearance of a twig of Soots Pmo examined m 
wmtei. Give sketches 

2. Describe a Pine twig as seen m May or June. What is observed 
if the twig is shaken at this time ? 

3 Make a oaroful sketch showing the various parts seen at the end 
of a Pine twig in June:—male flowers, young dwarf-shoots, and young 
cones 

4. Why docs a Pine branoh show whorls of branches ? Why is there 
often a baro pieoo of stem just above eaoh of these whorls ? 

5, Describe the various structures whioh may arise from the rosting- 
buds of the Pine. 

6 Por how long may the foliage-loaves '(needles) remain on a Pine 
tree ? What other loaf-structures are found on a Pme Blioot ? 

7. Describe the striiotuie of a male flower of Pme, with sketches. 
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8 Desoribe the appearance and structure of a Pine oone at different 
stages (first year, seoond year, third year, eto ), with sketohes. 

0 How are the seeds of the Pine dispersed? What othei plants 
have seeds provided with a similar dispersal mechanism 9 

10 How could you distinguish a Laroh from a Pine (a) m winter, 
{b) m summer ? 

11 Describe the general appearance of a Larch twig, with sketohes, 
and compare it with a Pine twig. 

12 Describe the male and female mfloresoences of Laroh, with 
sketches, and compare with those of Pine 

13 How do Pines and Larohes differ from Firs and most other 
Oomf ers ? 

14 Describe the seedling of a Pme, showing how the adult arrange¬ 
ment of the leaves is acquired. 

15 Desonbe the leaveB, flowers, and fruits of Yew and Jumper, and 
pomt out then peoulianties. 



CHAPTER XXVII. 


THE ECOLOGY OE PLANTS. 


616. Plant Ecology.—Haying now gained some practical 
knowledge of the structure and life-processes of plants, you 
should proceed to study the vegetation of your own district 
and that of any district you may visit The main object 
of this study should be to find out as much as possible 
about the various ways in which plants are influenced by, 
and adapted to, their surroundings or " environment.” The 
term Plant Ecology simply means “the Btudy of plants 
m their homes ” Much can be done in this direction even 
with limited knowledge of the classification of plants , but 
the more you know of structure, physiology, and classifica¬ 
tion, the better will you be equipped for the study of plants 
from the ecological point of view It is an easy task to 
learn how to distinguish the commoner plants, especially 
those which show striking adaptations to some special locality 
or “habitat” 

There are various books which enable one to identify any flowering 
plant met with m this country The most oomplete of these “Eloras*", 
are Bentham and Hooker’s British Flora and Hooker’s Student’s Flom ; 
the former is illustrated, and is the more expensive of the two. Smaller 
hooks, less complete and less expensive, are Hayward’B Pocket Flora 
and Watts’s School Flora A still cheaper, but extremely useful, 
Flora is Fox’s How to find and name Wild Flowers (Cassell, Is. 6d.), 
which may be reoommended to beginners m the work of plant identi¬ 
fication. Plant Biology (Clive, 3/6) oontams a summaiy of the ohief 
Oiders (Appendix HE), together with monthly hats of plants in flower 
(Appendix IV.). 


617. Terms used in Plant Ecology.—You must often 
have noticed that various plantB grow together, in a sort 
of society or community, m certain localities —e g in water 

616 
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or in maiskes, on moors and m bogs—evidently because 
they “like” or “prefer” (that is, are adapted to) the same 
kind of soil, the same conditions of dryness or wetness, the 
same amount of light or of shade, etc Such gioups of 
plants, growing together m a sort of community, may be 
called Plant Associations 

There are four mam ecological plant-types. At one 
extreme we have plants adapted to life m ponds, nveis, 
ditches, growing partly or entirely submeiged in water. 
These true water-plants aie said to be hydrophilous 
(i.e “ water-loving ”), and are termed Hydrophytes. 
Plants which grow m maishes or swampy giound, on 
river-banks or on ditch-sides, 01 in damp sliady woods, are 
said to be hygrophilous (“ moisture-loving ”) plants, or 
Hygrophytes. 

At the other extreme we have plants which are adapted f 01 
life under conditions of “physiological” drought—that is, 
under such conditions that it is necessary to check or gieatly 
reduce the rate of transpiration, or to store up water, or to 
do both, because the water supply is scanty or runs through 
the soil too quickly for the roots to absorb much of it, or 
because the watei cannot be absorbed freely on account of 
the presence of excessive amounts of dissolved salts or of 
peaty matter, or because the plant grows in places exposed to 
high drying winds, or in cold soil, or exposed to excessive 
kglit. 

A httle reflection will show that any of these causes 
* -will lead to the development of adaptations for reducing 
transpiration or for stoiing the scanty or precanous 
/supply of watei’ which the plant can absorb In other 
words, such plants will be xerophilous (“ drought-loving ”) 
plants, or Xeroplxytes. Xerophytes occrn on heaths and 
moors, also m the boggy places which accompany them, 
on high mountains with an Alpine flora; in sandy loca¬ 
lities ; on chalk downs, on the sea-coast (cliffs, rocks, 
sandy beaches, sand-dunes, salt-marshes) ; and m dry 
woods or plantations of Pines, Pirs, Larches, and other 
Oonifeis. 

Between xerophytes and hygrophytes we find a great many 
intermediate forms (Mesophytes), comprising, in fact, the 
majority of British plants, wlnoh grow in meadows, pastures, 
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cultivated fields, and in damp woods and plantations of 
deciduous trees (Beecli, Oak, Birch, etc.) These plants show 
no decided xerophilous or kygropliilous characters, though 
some approach xeropliytes in form and structuie and others 
approach liygrophytes 

Woody peiennials (trees and shrubs) with deciduous leaves 
show distinctly xerophilous chaiacters in winter (the pro¬ 
tected winter buds, cork-covenng of stems and of leaf-scars, 
cork-layer closing up the lenticels), while in summer they 
bear thin leaves like those of inesophytes or hygrophytes 
It has been proposed to call such plants, which are 
more or less bygroplnlous in summer and xerophilous in 
winter, Tropophytes (i e “ changing plants ”) This 
appkes only to deciduous plants, evergreen land-plants 
are more or less strongly xeiophilous m character, their 
leaves being usually tough, thick, and leathery (eg. Holly), 
or needle-like (e g Pine), with thick cuticle and sunken 
stoxnates. 

It must be remembeied that no hard-and-fast lines can be 
drawn between these types. For instance, some aquatic 
plants can, when the stream or pond dries up, continue to 
live and grow, sometimes even more vigorously, in the air, 
thus changing from hydrophytes to inesophytes The same 
species of plant may be found growing under liygrophilous 
or xerophilous conditions m different localities In each 
caso the structuie of stem and leaf, as well as the form 
of the leaves and the geneial habit of the plant, become 
modified to suit these different modes of life Ooast-plants 
can, in many oases, be grown m ordinary soil, and develop 
thin instead of fiesliy leaves. 

618. Environment.—In the study of Plant Biology you 
should always be on the alert to ascertain whether the differ¬ 
ences m form and structure presented by different plants can 
bo accounted for by differences in their mode of life and 
habitat. This study requires a sound piactical knowledge 
of the morphology and physiology of plants. All the factors 
that, make up the environment, must, also be taken into 
account. These factors fall into two main groups- (1) the 
climatic factors, including temperature, minfall, light, 
(2) the edaphic factors, including the physical and chemical 



THE ECOLOGY OE PLANTS. 


519 


characters of the substratum —i e m most cases the soil 
The environment includes not only the non-living, but also 
the living 1 surroundings The former include (a) temperature, 
(&) moistme, (c) light, (d) soil or other medium, the latter 
include (e) other plants, (/) animals, (g) man 

619. Water-Plants are subject to less extremes of tem¬ 
perature than land-plants, for the watei m which they grow 
takes longer to be heated and longer to cool The percentage 
of carbon dioxide m water is higher than in air, smce this gas 
dissolves readily m water The submerged leaves of a water- 
plant are usually either long and strap-like, as m Glycerm 
fluitms, a water-grass, or narrow and ananged m whorls, as 
ul Water Starwort ( Callitnclie ), or divided into numeious 
fine threads, as in Water Buttercups. These submerged 
leaves have chlorophyll m the epidermis, which bears no 
cuticle, so that water containing dissolved salts and gases can 
pass in freely Since the submerged parts get then* salts, 
oxygen, and carbon dioxide directly from the water, there are 
no stomates, nor does the stem contain many wood-vessels, 
and the roots serve chiefly to fix the plants to the bottom, 
having few or no root-hairs, smce root-absorption is not 
required. As we have seen, a land-plant reqiures to have its 
stem and leaves strengthened by hard tissue, arranged so as 
to resist the strains caused by weight and by wind In a 
water-plant the weight is, of couise, supported by the water, 
and the only strain to which fixed submerged plants are 
subject is a pulling-strain due to movement of the water, 
especially in fast streams Bor these reasons there is little or no 
special mechanical tissue outside of the vascular bundles, and 
the latter are placed m the centre of the submerged stem, as 
in the root of a land-plant Leaves which float on the surface 
of the water are entire and rounded or slightly lobed (Watei - 
lilies, Pondweeds, Duckweed, and some Watei Butteicups), 
and bear stomates on their upper surface, which is covered 
with cuticle or wax so as to prevent wetting These floating 
leaves have the same structure as those of land-plants, but 
the air-spaces are very large and are continuous, with air- 
passages ru nnin g down the leaf-stalk to the submerged stem 
and roots Air-spaces are present m submerged plants too, 
as well as in the stems of plants which grow with only their 
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lower parts in the water —e g Mare’s-tail, Rushes, Sedges. 
T-n submerged plants these an-spaces enable the plant to float 
upright, but they also convey air to the lower parts growing 
in deep water or m mud, where little or no oxygon is present 
for respiration 

Since a submerged plant gets water, salts, carbon dioxide, 
and oxygen so easily, and lives in veiy favourable conditions 
generally, it grows rapidly, branches freely, and reproduces 
itself largely by vegetative means, chiefly by tlio decay of the 
older parts setting the branches free, or by branches breaking 
off The water-plants of tropical regions grow continuously 
all the year round, not being hampered by either a cold or a 
dry season In temperate regions growth is interrupted 
by the winter, and various methods of peremiation occur 
(practically all water-plants are perennial) In some cases— 
e g Ccdlitriche —the plant remains unaltered, maioly sinking 
to the bottom, m Water-lilies, food is stored up in tho 
rhizome, m Arrow-head, tubers are formed A very common 
mode of perennation is the formation of winter-buds, which 
are developed at the ends of the blanches These buds arc 
large, their leaves contain reserve food; they drop oil and 
lemam at the bottom during winter, growing up in tho 
spring Winter-buds of this land occur m Water Milfoil, 
Water Violet, Bladderwort, Frog-bit, and various species of 
Potamogeton (Pond-weed) 

What we may term “typical ” water-plants gi’ow with tho 
entire shoot (except, m most cases, the floworH) under water 
and the leaves submerged or floating Some plants can glow 
either submerged or on muddy soil with their shoots in tho 
air In such amphibious plants the leaves of the laud form 
are broader, and the stem- and leaf-structures resemble that 
found m ordinary land-plants 

Many watei-loving plants can be grown on land, either by 
transplanting them to ordinaiy soil or by sowing: the seeds in 
soil- m the former case the new Bhoots formed differ from 
the water-form m regard to leaf-shape and the leaf- and stom- 
structure, m the latter case the seedlings produce at first 
some leaves of the aquatic type, and later bear broad huid- 
leaves These experiments slioidd bo tried, ilh well as fhn 
reverse land of experiment —i e, transplanting, or germinating 
seeds of, land-plants in mud, very wet soil, or in water. In 
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some cases the change from land-plant to water-plant can be 
brought about, especially with plants which glow ordinarily 
in damp places. 

Some plants grow in shallow watei, but send up their leafy 
and flowering shoots into the an These will be included 
under the heading of “ Marsh-plants ” 

Moie than half of the British speoies of the Buttercup family live 
in water or in maishy places, the name Ranunculus (“little frog 3I ) 
refers to the moistuie-loving character of many Ranunoulaceae The 
typeB wo have studied Bhow a gradual transition from land plants to 
water plants Oan you arrange the common Butteioups and the other 

E lants given in tliiB ohajptor so as to illustrate tins giadual transition, 
’om your own observations ? Note the structural features whioh mark 
the transition the air-spaoes m Little Celandine aud Marsh Mangold 
(the latter a more decidedly moisture-loviug plant than the foimer), 
j the presence of abundant Btoniates on the upper side of the leaf in these 
plants, oto 

How can theBe features he explained? Everything we know of 
water- and marsh-inhabiting Flowering Plants shows that these have 
descended from, land plants They probably began by growing in 
damp places, hke some Buttercups; then became adapted to more 
permanently moist places, acquiring large air-spaces foi better aeration 
and having storaates as abundantly on upper leaf-Biirface as on lower, 
or more so, suioe there was no need to cheok transpiration—this stage 
is illustrated by Little Celandine . 1 Then, driven by the stiuggle for 
existence, the plants came to grow in marshes 01 standing waters and 
developed still more pronounced marsh characters, and finally took to 
growing m water, with the leaves submerged or floating 
The oommoner water plants, with submerged or floating leaves, or 
both kinds, which grow m ponds and streams include Quill wort 
[Iaociea), Canadian Water-weed (Elodrn or Amchans ), Pondweods 
( Potamogefon , P. nata-ns with stalked oblong leaves being the com¬ 
monest spocios), Frog-bit (Hydrocluma), Duckweeds (Le?a?ia), White 
and Yellow Water-lilies ( Nymphaea , Nwphati} x Homed Water-weed 
{Ceratopliyllum), Watei Crowfoots, Water Starworts [Calhtnche), 
Water Milfoil ( Mynophyllum ), Water Violet ( Hottoma ), Bladderwort 
( Utnculana), Shore-weed [Littorclla), Water Lobelia [Lobelia dort 
manna) For descriptions of these plants Bee a British Flora, e.g 
Hooker’s Student's Flora . 


1 It is interesting to note that the stomates of bifacial leaves are, as 
a rule, oonlinetl to the lower side m evergreen leaveB ; found on both 
sides (nioLo abundantly on lower Bide) m most Butish plants, more 
abundant on upper side in many marsh plants, confined to upper side 
of floating leaves ami of GrasH leaves In cylindrical leaves— e.y 
Onion—they aio evenly scattered, and tins is also the case with most 
needle-like loaves—c g Pinos 
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620. Marsh-Plants. —Between submerged watei-plants, 
moisture-loving plants, and ordinary land-plants there is every 
stage of transition We can, however, distinguish between 
truly aquatic plants and those characteristic of marshes and 
bogs The former are permanently submerged in watei, 
whereas bogs and marshes occur where the substratum 
alternates between long periods of submergence and shorter 
periods of more or less complete drymg-np. As we have seen, 
submerged water-plants get oxygen and caibon dioxide, in 
addition to salts, from the water, hence they occur mainly m 
water which is moving, or at least often removed. On the 
other hand, water-plants with floating or with aerial leaves 
can grow in stagnant pools or ditches where there is little 
oxygen, and where organic acids and marsh gas are abundant. 
The same is true of marsh or bog plants, whose characteristic 
feature is that then* lower parts, buried in the stagnant mud, 
are adapted to hfe m water, while their upper parts, exposed 
to the air, either resemble those of ordinary land-plants or 
have leaves adapted to withstand periods of drought 

The commoner marsh plants, whioh grow on the margins of ponds 
and sti earns, or with their lower parts m water, but usually have all or 
most of tlieir leaves above the water—not submerged 01 floating— 
include Pillwort ( Pilvlnna ), Horsetails [lSqumetum), Sedges [Uaiur), 
Bushes {JiLncua), Bulrushes ( Typha ), Bur-ieeds [Spaigamum], Water 
Plantain [Ahxma), Arrowhead ( Sagittaria ), Flowering Rush {Jhdomns), 
Marsh Ajrowgrass (Tmglochm palustre), Yellow Ins, Marsh Orohis, 
Willows, Alder, Water Books [Rumex conglomeratm, JR hytholapa- 
thum), Water Pepper {Polygonum hydropipei') and other water-loving 
Polygonums (P amplnbmm, P biatorta , P jocraicfina). Blinks 
{Montia), Ragged Robin, Watei and Marsh Sti toll worts (Stcllana 
aquatica, S. uhyiuom), Watei-oress (j Vasturtmm), Lndy’s-smook {Car- 
damme), Water Avons, Meadow-sweet, Golden Saxifrage, Purple 
Loosestrife [Lythrum), Willow-heibs ( Epilobmm ), Water Purslane 
{Pephe), Maie*s-tail (fftppuris), Marsh St John’s-worb {Ilypencum 
elodea). Water Dropworts {Ocnanthe), Wild Celery (Apium), Water 
Parsnips [Slum), Water Homloak {Cicufa), Knotted Marshworb {Hdo- 
acuidiitm), Maish Pennywort ( Ilydrocotylc ), Brook-wood (Samohin), 
Yellow Loosestnfo {Lymmarhza vnlyana), Moneywort or Creeping 
Jenny ( L . unmimdaria), Water Forge t-me-Not, Marsh Woundwort, 
Water Mint, Pennyroyal, GipHy-wort, Water Speedwell (Veronica 
avaaatha), Brooklimo {V IwrcahttHt/n), Marsh Speedwell ( V. m'utdhitu). 
Red Rattle (Prdicufnna pttluxfri*), Marsh Figwurt [Scrophultn ui 
tujuthhea), Marsh Hnwk’s-beard [Crepis paludoaa), Water Ragwort 
{tfmeoao aquaticne), Homp Agumony ( Mtpatormm ), Bur Mangold 
{Bidcna cernua), Marsh Cudweed [Qnapludium uhginomm), eto. 
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621. Bog-Plants. —The typical bog occurs on heaths and 
moors, associated with Heather and other heath-plants, and 
its vegetation consists of peat-forming and peat-loving plants 
The distinctions between a marsh and a bog are fairly clear 
m most cases, though there are tiansitions from one to the 
other The typical marsh occurs on low ground, its water is 
rich m mineral substances, especially lrtne, and its plants 
grow rapidly, either becoming tall or remaining low, but 
pioducmg numerous leaves and branches each year In the 
typical bog, the water is poor in lime and other salts, and the 
plants are mostly slow-growing and of low stature Peat¬ 
bogs, like the heaths or moorB on which they occur, are found 
at all heights, from a few feet above sea-level up to three 
thousand feet The peaty soil m which bog-plants grow is 
not sufficiently aeiated for the proper formation of nitrates, 
so that although such soils (bog, peat, morass) often appear 
on analysis as though they should be extiemely fertile, very 
little of the materials they contain is directly available to 
serve as plant-food 

Most bog-plants have moie or less well-developed xerophi- 
lous characters, due largely to the excess of peaty acids, which 
makes watei -absorption difficult Mosses, especially the Bog¬ 
in obscs ( Bphagnvm ), of which many species and varieties have 
been distinguished, play an important part m the formation 
of bogs. The Bog-mosses, whose appearance and remaikably 
spongy character are well known to all who have walked over 
our moors, are specially adapted for storing water The leaf 
of a Bog-moss consists of a single layer of cells, which are of 
two kinds (1) large empty cells with pores on the walls, 
(2) small green cells The gieen cells are long and nariow, 
forming a network, each mesh of which is occupied by one of 
the empty cells; the green cells carry on the living functions, 
while the large clear cells store up water Each plant 
branches and grows upwards, while the lower parts die and 
lose their green colour, but aie preserved from decay by the 
absence of oxygen and the presence of the peaty acids In 
this way great masses of peat are formed. 

The flowering plants foimd m bogs include Enoaceae 
(Ling, Heather, Bilbeny) ; Sedges, Rushes, and Grasses, 
mostly different from the kinds found in marshes or wet 
meadows; Bog Asphodel, Bog Orchids, Bog Myrtle, Glass of 
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Parnassus, Bog Cinquefoil (Oomarum palustre), Sundews 
( Drosera ), Marsh. G-entian (Gentiana pnewnonanthe), Bog- 
bean (Menyanthes), Bog Pimpernel, Butterwort, Bladder wort. 

As already stated, peat is very poor in available plant-food, 
and this fact largely accounts for (1) the xerophilous char¬ 
acter of most bog-plants, (2) the presence of insectivorous 
plants like Sundew and Butterwort m bogs 

622. Moorland Plants are exposed to high winds, wliich 
not only increase transpiration, but prevent the growth of 
trees This is not so marked on low moors (heaths), where 
such trees as Pines and Birches flourish, but on high moors 
the entire vegetation is dwarfed and stunted. On the highest 




-■? 


„ { * * I, * t A 1 !*/ i 

-c**4**\ z ‘"4 - 

V 

•*: fc-v 


V 

im 


* V - *6 ^ 






Kg 174. Cotton-Sedge (Cotton-* 1 grasa ")'on a^_Boggj Moor, 

parts of a. moor, like those of Yorkshire and Devonshire 
(Dartmoor), the rainfall is high and frequent, On the 
"TS 1 * m Da; rtmoor (including the aiea around Craumoro 
and Fui Tor, where all the great rivers of Devon nnso Jroin 
an intricate network of boggy crevasses which gradually <rive 
rise to streams), the aspect of the vegetation is dreary in 11 u> 
extreme, both m summer and winter, though livened in early 
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sum trier by the wlute fruits of the Cotton Gross, which form 
snow-like patches The chief plants found on this boggy 
plateau are Cotton Grass and Ling (Calluna), mixed with 
tufted Grasses having narrow rolled-up leaves, together with 
cushions of dry Mosses, while the wetter parts consist almost 
entirely of Bog-mosses Farther down, as well as on the 
wind-swept outlying ndges of the moor, the dominant plant 
is usually the Bilbeny (Vaccimum myrtillus ) in the drier 
parts, with Sedges, Bushes, and Bog-mosses in the swamps 
and along the water-courses On low-lying heaths we find 
chiefly Ling and Heaths (. Enca cinerea, JS tetralix ), Gorse, 
Bracken, with low creeping plants which shelter under these— 
e.g . Tormentil, Heath Bedstraw—and m the wetter parts the 
various hog and marsh plants already mentioned. 

The leaves of Ling, Heaths (Enca), and Crowberry 1 are 
rolled up so that the lower epidermis (bearing the stomates) 
forms the inside of a tube which is open to the air by a 
narrow sht (seen as a white line along the lower side of the 
narrow leaf) ; the edges of the leaf bear hairs, which still 
further hindei the escape of water-vapour from the leaf 
Bilberry haB broad, tlnn leaves, but these fall off early, and 
the ndged green branches carry on photosynthesis without 
exposing much surface for transpiration Sedges and Bushes 
have narrow leaves with thick cuticle, while heath-grasses 
bear on them upper surface triangular ndges, and can roll 
up longitudinally m dry weather so as to expose a very smal] 
surface for transpiration (the green tissue, with stomates, 
lines the furrows between the ndges). The leaves of Bracken- 
plants growing on heaths have thicker cuticle, less spongy 
tissue, and fewer stomates than those of Bracken growing 
m moister and more shelteied places, the same applies to 
other species which grow both on heaths and m less exposed 
places 

623. Humus Plants. —Some of these simply prefer the 
humus as a medium on which to grow This applies to the 
Crowberry (Empetrum nigrum), the Cranberry (Vaccimum), 


1 Mmpdrum nigrum, a lientlior-like plant in General appoaranoe, 
though not belonging to Eiiouoeae It is raie m the south of England, 
but is abundant on some moors m the north 
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and -the Rhododendron. Others, however, are saprophytes, 
and use the humus as a source of food. They are aided 
in this by the presence of symbiotic fungi (mycoihiza) on 
then* roots, which play the part of root-hairs, and after 
decomposing the humus hand over all or a portion of it in 
a suitable form to the plant. Plants of tins kind commonly 
have their foliage-leaves reduced to mere Beales, as in the 
Bud’s-nest Orchid. When (as in Heather) the leaves are 
fully developed, the mycorhiza probably enables the plant to 
absorb nitrogen from the humus, and not carbon. 

Humus collects m most bogs and swamps, but here it is 
the water which is of primary importance in influencing 
distribution. 

624. Chalk-Plants. —Of plants which prefer or are m 
some districts entirely lestncted to calcareous soils, may be 
mentioned the wild Columbine, the Lily of the Valley, the 
Ply and Bee Orchis, the common Rock Rose, the Bloody 
Crane’s-bill (Gei anium aangumeum ), Stinking Hellebore 
(Helleborus fetidus), Traveller’s Joy (Clematis), Yellow 
Gentian ( OJilora ), Campanula glomerata, Whitlow-grass 
(Draba muralis ), Dyer’s Weed (Reseda lutea ), Wild Flax 
(Linum pei'enne), Dogwood ( Oornns ), Wayfaring Tree 
(1 Viburnum lantana ), Mouse-ear Hawkweed (Hieracium 
pilosella), Pnvet (Ligustrum), Verbena, Deadly Night¬ 
shade (Atropa), Hound’s Tongue ( Cynoglosswn ), Pnsque 
Flower (Anenome pulsatilla). 

Chalk soiIb are usually dry, and, in dry continental 
climates, plants which grow in almost all soils m England 
may be unable to develop on the calcareous regions of the 
continent. Thus the white Birch, Hypericum pulchmm , 
SteUcMna holostea, Galium saxatile, and Broom are all absent 
from the calcareous Jura mountains, but grow freely upon 
the Vosges, on which the boiI is formed of decomposed 
granite, and also in marl soils m winch the presence of some 
clay renders the soil more retentive of moisture. 

625. Pure Clay does not form a soil preferred by any 
flowering plant, and is highly unsuitable to most. When 
dry the son bakes hard, and is almost impenetrable by the 
roots, while the very fact that when moist it is highly 
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retentive of water renders it difficult for the plant to absorb 
sufficient water unless the soil contains a large amount In 
this case the soil is veiy badly aerated, and hence for lack of 
oxygen the roots are unable to develop to any great extent 
or to penetrate deeply If mixed with sand, chalk, or humus, 
however, the soil is much improved, and many plants will 
survive periods of drought on such soils, whereas they may 
perish on more porous ones Such plants as Lily of the 
Yalley ( Oonvallatia ), Lesser Oelandme, Wood Sanicle, Colts¬ 
foot, Primrose and Cowslip, Bittersweet ( Solarium dulca¬ 
mara,), Yellow Dead-nettle (Galeobdolori), Garlic, Early 
Purple Orchid ( Orchis mascula), Blue-bell ( Scilla nutans), 
are found, in some districts at least, to prefer soils containing 
a good deal of clay 

626. Sand-Plants. —These include (a) those plants which 
prefer, merely a sandy soil, and ( b ) those of the sea-coast 
(strand-plants) which have adapted themselves to the 
presence of salt Many such plants grow equally well m 
ordinary soil, but lose certain of their chaiactenstics, and 
probably would not survive if left open to free competition 
Practically all such plants have strongly xeiophilous char¬ 
acters, for example, reduced leaf-surface, thick fleshy or 
pnckly leaves and stems, stunted habit, thick cuticle, deeply 
sunk Btomata, etc Sand-plants, pure and simple, are often 
very prickly, thorny, or hairy, whereas hairs are usually 
absent or few m number on strand-plants 

As instances of sand-plants, the following may be men¬ 
tioned Mousetail (Myomrus ), Sand Spurrey (Spergulana ), 
Stork’s Bill (Erodimn), Bioom, Wormwood (Artemisia) 
Golden Kod ( Sohdago ), Wood Sage ( Teucrium ). 

627. Strand-Plants. —The plants which grow along our 
shores, either on sand or m mud-flats (salt-marshes), are 
sometimes called Halophytes, or salme-plants. They either 
prefer salty soil, or grow here because their competitors are 
more sensitive to salt and are unable to follow them. All 
strand-plants are more or less xerophilous in character, and 
this is also the case with regard to plants growing on salt- 
marshes or muddy shores Here the plant strives to reduce 
its need of absorbing water to a minimum, bo that it shall 
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not absorb too much. salt. Hence the plants are fleshy or 
leathery, the cuticle is thick, the stomata often sunken, and 
the leaf-surface often 1 educed or spiny. Since high winds 
often prevail, the flowers are usually small, and the seeds 
are rarely winged, but there are exceptions to both these 
rules. the Sea-poppy has large yellow flowers, and the Sea- 
thrift has a persistent membranous calyx, which forms a 
funnel-like wing on the fruit 

Coast-vegetation varies according to the nature of the 
sod, rocky shores, sand-banks, or “dunes,*’ and muddy 
salt-marshes have each them own typical plants, though 
there are often transitions from one to the other On 
rocks and clifls we find Sea-plantams (Plcmtago mantima 
with entiie fleshy leaves, P. coronopus with lobed hairy 
leaves), Scurvy-grass ( Cochlearia ), Samphire ( Orithmwn , 
an TJmbellifer, with many-lobed fleshy leaves), Sea-thrift 
(Armeroa, with heads of pink flowers), Sea Campion (Silene 
maritimci) Several of these plants (Tin ift, Sea Campion, 
Scurvy-grass, and Plantago maritima) occur also on high 
hills inland, but not in the low-lying parts between the 
hills and the coast 

On sandy shores, close to the sea, we find such plants as 
Sea-poppy (Glaucium lutewm, with large yellow floweis and 
very long fruits), Orache ( [Atriplex , several species, shrubs 
with mealy leaves and spikes of small green flowers), Sea- 
beet (with fleshy swollen tap-root), Sea-blite ( Suaeda , with 
cylindrical fleshy leaves), Saltwort (Salsola, rathei like Sea- 
blite, but with a spine at the tip of each leaf), Sea-con- 
volvulus, Sea-holly ( Eryngium , an TJmbellifer with leaves 
like those of Holly, and small blue flowers in heads like 
those of Teazle), Sea-purslane (Arenaria peploides, with 
crowded decussate ovate fleshy leaves), Seakale ( Crambe , with 
thick fleshy rhizome, leaves 6 ins to 10 ins long, stalked 
broad, fleshy; flowers white, m corymbs) ; Sea-rocket 
( [Oakile , hke Crambe , but annual, leaves only 2 ins. to 3 ins. 
long), Sea-spurge {Euphorbia par alias, with woody rhizome, 
fleshy leaves, milky juice as in other Spurges), Sea-milk¬ 
wort (Glam j, belonging to Primulaceae, a small fleshy 
plant with creeping rhizome, narrow leaves in pans , flowers 
small, axillary, with white or pink calyx, no corolla, capsule 
opening by five valves) All these plants have either 
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flesliy or leathery leaves, and are either annuals, or, if 
perennial, have long tap-ioots or ihizomes by whose upward 
growth the plants keep above the surface and avoid being 
buned by the shifting sand Further back from the sea we 
come to sand-dunes in which grow various glasses and 
sedges. The most conspicuous grass is the Marram-grass 
(AmmopJulaY whose long ihizomes creep in the sand and 
send up tufts of long rigid leaves, the long roots bemg 
chiefly developed where the leaf-tufts come up; its leaves 
loll up when the air is dry Along with these grasses, and 
farther inland, come the Sand Sedge ( Care jh armaria , like 
the Sedge shown in Fig 76, except that its rhizome buriows 
deeply in the sand, running in straight lines and sending 
up shoots bearing tufted leaves, which are therefore arranged 
m lines along the surface of the sand) and other plants, 
whose creeping stems and tufted roots bind the shifting sand 
and thus prepaie firmer soil for other plants. Farther from 
the sea come such plants as Rest-harrow {Ononis), BircVs- 
foot Trefoil (Lotus), Bud’s-foot (Ornithopus), Thyme, Stork’s- 
bill, Stonecrop, Ling, Heatkei, etc 

628. Salt-Marshes or mud-flats occur chiefly near the 
mouth of a stream, usually not far from sand-dunes, and 
are most extensive in the tidal estuary of a river. The 
vegetation of a salt-marsh is quite distinct from that of 
sand-dunes, though a few plants occur in both sand and 
mud— e.g Sea-milkwort, Sea-plantains, Thrift, Scurvy-grass, 
Suaeda , Salsola. One of the most typical plants of salt- 
maishes is the Mar sh Samphire oi Grlasswort (Sahco) nia ), 
which has green or reddish cylindrical and fleshy branches, 
divided into joints, the leaves bemg represented only by 
small teeth at the joints, where also the very small flowers 
are produced In the wettest parts of the salt-marsh, winch 
are submerged at high tide, we find, along with Salioomia, a 
Monocotyledon called Zoster a, with long narrow floating 
leaves. Farther inland, out of reach of most tides, occur 
such plants as Sea-lavender ( Stcitice , with woody creepy 
rhizome, 11 radical *’ lanceolate leaves, purple flowers m dense 
corymbose inflorescence), Thrift, Sea-milkwort, Sea-plantain, 
Sea Arrow-grass (Tnglochin maritimum, with long narrow 
fleshy leaves, long flowering shoot, leafless, and ending in 

B. f. m, ^ 
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.»»»of 'X^Z 

belonging to Caryop y ’flea-daisy (Aster Tnpohv 

ssrJnSK errrrrxTt.. „ 



Fig 175—A light mixed wood (ohieflv Biroh), Bhowlng donse imilurgrowtli 
Bramhlo, oto 


covered with narrow entire or slightly lobed fleshy lean 
flower-heads yellow, m a small corymb). 

Look for all these plants in their homes or “liabita 
and note any others that occur along with them. No 
especially the conditions under which plants live in atrou 
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FJg. 176 —Baooh wood with scanty undergrowth 


m such locahties are adapted to their surroundings Sketch 
the plants, find out the orders they belong to and their 
specific names, and make sections of the vegetative parts 
(stems and leaves especially) to see how they differ in 
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structure according to the conditions and surroundings in 
winch they grow Try experiments wlncli may make you 
understand better liow plants become adapted to special con¬ 
ditions of life For example, dig up plants found on the 
coast, and compare the effect of watering these plants and 
ordinary herbaceous gai den-plants with a solution of com¬ 
mon salt or of Tidman’s Sea Salt (about a handful to two 
quartB of water) 

Even if you cannot visit the coast or the moors, there ih 
ample scope for study m woods and plantations, liedges and 
ditches, streams, ponds, and marshes. 

629. Woods and Plantations. —In youi study of woods 
and plantations, notice, in addition to the trees, the under¬ 
growth of Shrubs, Brambles, Bracken-fern, and of smaller 
plants, and, m regard to the latter, find out the order in 
which the different plants spring up and flower. The samo 
ground, m a wood not too densely shaded by tlie trees, 
bears at different tunes of the year such plants as Wood 
Anemone, Blue-bell (Wild Hyacinth), Dog’s Mercury, Wood 
Spurge, Primroses, etc Many of these woodland plants 
only grow m shaded places —e q. Wood-sorrel, Cow-wheat, 
Bird’s-nest Oichid, Yellow Dead-nettle Compare iho dense 
undeigrowth of a light Birch or Oak wood (Fig. 175) with 
that of a dense Beech wood (Fig, 176) 


630. Hedges.— Many shade-plants grow in hedgerows, the 
flora of which presents several interesting features. At the 
top of a hedge-bank the light is very feeble and the hoi! 
dry Now all plants which grow m dry boiI require plenty 
of light, so that the only plants which can develop at the top 
of the hedge-bank are either plants with long erect, stems, 
such as the Hedge-mustard, Nettle or Thistle, or climbing 
plants such as Convolvulus, Hop, Clematis, Goose-grass 
Lower down the hedge-bank, where there is move moisture 
and light, a great variety of plants may develop, while in the 
shady ditch beneath we may find at the sides Cuckoo-pint 
(Arum maculatum ), Ladiea’-smock (Oardmnne 0, 

etc, and in the watei of the ditch, the Water-lmttm-oup! 

Duckweed, and other aquatic or amphibious 
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Certain plants such as Poppies and Sun Spurges cannot 
survive under a shady hedge Others such as the Garlic, 
Adoxa, Violet, grow well by fairly damp hedgerows Others 
agam, such as Er odium, Geranium , etc , will glow well on the 
sides of diy hedgerows provided they are freely exposed to light 
The hedge itself most commonly consists of Hawthorn, 
but often of Gorse, Bi amble, Sloe, or of small trees like 
Willow, or Hazel. These have usually been planted, as have, 
of course, the hedges consisting of shiubs like Laurels, 
PrivetB, Rhododendron, etc, around parks and plantations 
Why do hedges need to be pinned or “ cut back,” and what 
is the effect of this operation? Notice that plants like 
Dead-nettles, Yellow Toadflax, Campions, Stitchwort, when 
growing close to the hawthorn (or other shrub forming the 
hedge) push up between the branches and have long weak 
stems, although the same species, when growing some distance 
from the hedge, has short erect stems with closely arranged 
leaves Cases like these suggest the way in which plants, ori¬ 
ginally erect and self-supporting, may have become climbers 
through lack of light and the presence of a suitable support 
It is very interesting to compare the natme and general 
appearance or “habit” of the plants growing along the 
north and south sides of a hedge which runs east and west. 
The south side is, of course, warmer, drier, and receives 
more light, and various plants grow on this side that 
either do not grow at all on the north side, or axe found 
there m smaller numbers, and showing less luxuriant 
growth. In the same way the trunk of a tree which is 
growing in an open situation (i e not among others m a 
damp wood) generally has its inoister northern side covered 
with a gieen powdery Alga (Pleurococcus, which is so 
common on trunks and palingB) and with various Mosses, 
Liverworts, and Lichens, while the diner south side is usually 
quite hare In a damp wood the trunks and branches of the 
trees are often thickly covered with these “ epiphytic ” plants, 
often also bearing Rems (especially Polypody) 

In highly cultivated countnes the hedgerows form one of 
the most important refuges of the original wild plants which 
covered the country before the advent of the plough. The 
other chief lefugeB are by the sides of streams, in stony waste 
places, and in permanent pastures. 
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631. Field Observations.—It cannot be too strongly in¬ 
sisted upon, that outdoor obseivations are absolutely essential 
in studying the distribution of plants and then adaptations 
to environment. To study this blanch of Botany, % e Plant 
Ecology, with success it is necessary to have a good general 
knowledge of British flowering-plants, which can only be 
acquired by collecting and identifying, as far aB possible, all 
the plants met with At first attention may be confined 
the commoner plants and to those which show well-marked 
adaptations to their environment, and which occur chiefly 
in sharply defined “ plant associations,” e g. water-plants, 
heath-plants, coast-plants 

The student cannot do better than begin field observations 
on some definite and fairly uniform area (e g. a sea-shore ; 
pond, marsh, river-bank, heath, common, moor, meadow, 
cultivated field or garden with its weeds, hedgerow, wood or 
plantation with its trees and undergrowth, etc ) Study this 
area at all times of the year, identify as many of the plants 
as possible, and keep a careful record, with sketches, of your 
observations The following hints will suggest the main 
hues on which the inquiry should be conducted, others will 
occur as your field-work progresses 

1 Physical and climatic features of the area under observa¬ 
tion (e g chemical and physical nature of the soil, whether re¬ 
tentive and ill drained or porous and well drained, height above 
sea-level, exposure to, or shelter from, light and wind, etc.). 

2 List of the most abundant plants m the aim, with 
potes (and sketches) on the following points m each case. 
General habit and mode of life (whether annual, perennial 
erect, creeping, climbing, xerophytic, aquatic, saprophytic! 
parasitic, etc ) size, form, texture, etc , of leaves; structure 
o± flowers, with special reference to mode of pollination- 
structuie of fruits, with special reference to mode of seed- 
dispersal, quantity of seed produced, etc. 

3 Seasons why certain species are present in the area 

under consideration and absent from neighbouring aims 
and vice vend To determine these, compare the physical 
features of the different areas, and try to map out the 
whole district into regions characterised by definite plant 
associations, which will, of course, be found to mertre into 
one another at their edges h 
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It need hardly be added that the subject of Plant Distri¬ 
bution cannot be mastered by merely committing to memory 
lists of plant-names. It must be approached in the spirit 
of observation and inquiry, and the problems it presents 
answered with reference to the student's knowledge of the 
Structure and Physiology of Plants. 

632. Vegetation Survey Work, which has been earned 
out in various parts of Britain, 1 2 should be attempted by the 
student on a small scale at any rate. 

Q-et the Geological Survey Map of your immediate neigh¬ 
bourhood, to learn the characters of the underlying rock, and 
the sheets of the “ six-inch ** Ordnance Survey for the district, 
giving the heights, etc. 

Visit the area at intervals throughout the year and make 
lists of the plants found The various Plant-Formations 
and Plant-Associations can be shown on the “ six-mch ” map 
by means of letters, numbers, signs, or lines, or by colouring 
with pencils or water-colours. 

The smaller plant-communities are called associations, 
while formations are larger units each consisting of a group 
of associations 

While these terms cannot always be sharply defined, Dr 
W G. Smith 8 gives the following illustration — 

“ A natural wood consisting entirely of oak-trees has one 
dominant form—the oak—whose presence is determined by 
the prevalent climatic, soil, and other conditions, while its 
size and gregarious nature give it dominance * in this wood 
there may be other sub-dominant trees or shrubs ( e.g birch 
or hazel), more or less isolated, but which, given the oppor¬ 
tunity by removal of the oak, will become dominant forms; 
the motley carpet of the oak-wood is made up of many 
species dependent on the larger forms for shelter and shade, 
or living as epiphytes, parasites, and humus saprophytes, 
and including not only dowering plants, but ferns, mosses, 
lichens, and fungi. The vegetation of the oak-wood is thus 
a mixed community with complex relationships, its members 


1 See papers by Smith, Mosb, Rankin, Lewis, and others, in various 
periodicals ( Qcofft'aphical Journal , New Phytoloyiat , Naturalist, etc.). 

2 New Phytoloywt, 1905. 
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struggling for existence and dominance, but it is a coberen 
whole and may be studied as a unit or Formation. 

“ Within the limits of a formation, there exist smalle 
societies, each one ■with dominant, subdominant, and de 
pendent species of its own Thus the undergrowth of a] 



oak-wood may consist of a Ftena-Scilla-Solcus Association 
m which Bracken, Bluebell, and Yorkshire Foe together 
cover a large aa-ea (Fig. 177), again it may be a Oalluna- 

sevS'SeL^ OT Bllben ’ y] Ass0Clatl0u - one of 
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Dr Smith gives the following specimen list of plants m a 
survey — 

“ Larch-wood, with a few Spruces, trees about 70 feet high 
and from 6 to 10 feet apart, two distinct associations found 
—Calluna and Bracken, the latter m hollows, the former 
occupying the laiger, more level floor of the wood. Soil— 
thm peaty humus, overlying Liassic Limestone, 650 feet 
alt, Clevelands, W Yorks. 

Calluna Association 

Social Bpecies * 

Dominant, Calluna vulgaris 40-50%) 

Erica cinerea 20-30% > about 70% 1 
Sub-dominant, Vaccinium myrtillm 5-10% j 
Festaca oi ina 
t Aira flexuosa 

Agro8tis vulgai'is 
Anthoxantlmm 


about 30% 1 


Isolated species 

Okaiactenstic — Poterdilla tarmentilla, Galium saxatile , 
Oxalis acetosella y etc , in decreasing abundance 
Sporadic • Carduus awensis (from farm-land).” 

633. Zones of Vegetation in Ponds. —The following is 
a description by Dr. Smith of a series of ponds at Filey, 
Yorkshire — 

“ This pond (Fig. 178) was filled with vegetation. At the southern 
end an inflow is shown, which was bunging in watei when we saw it. 
From the appearanoe of the channel, it does not always contain water, 
and only aots as an overflow to some other pond in the same tiough 
At the northern end there is an outflow depression, whioli aots as an 
overflow channel to this pond The water is probably denved from 
surface drainage, except in rainy seasons, when there will he some 
inflow at the southern end, and the pond will attain its maximum 
depth when the water begms to pass through the overflow. 

The plants are arranged in four well-marked zones , [a) a marginal 
zone of taller speoios ofRushes (Junuis ), {!)) a zone of Watei Dropwort 
(Oeanthe Jiatuloaa) i mixed with Water Plantain (Alimna Planiago) at 


1 These percentages are estimated by eye according to the propor¬ 
tion of ground m a small sample area ooverod by the different forms of 
vegetation. 
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the southern end , (c) 
with Water Plantain; 
vat an#) 


a zone of Bur-reed [Spargamum] also mixed 
{(I) a central patoh of Pondweed (Potamogetov 


N 



13 m i-ootL 
Pondw eo(3 

Wator Plantain 

Watei Dropwort. 

Tall Hnsliea 
(Jim at x) 


s 

Fig 178.—Zones of Vegetation in a Punil 
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extending aoross the pond The Dropwort, however, is always neaier 
the shore than the Bur-reed It may, therefore, be rnfened that the 
Bur-reed prefers deeper water than the Dropwort 

Tho Water Plantain does not form masses like the other plants, 
but oooura singly amongst tho Dropwort and the Bur-reed, it is not a 
social Bpeoies, whereas the other plants shown are social It is a 
feature of sooial speoies of plants that they oan grow olosely together 
as a mass, and hold their own more 01 less completely against all 
comei s One oan appreciate this in the oase of the Pond weed, with 
its broad floating leaves lying edge to edge, or overlapping, so as to 
occupy the whole surfaoe and shade the bottom, thus checking the 
growth of other plants which may try to grow below them Amongst 
trees, the Beech is one of the best examples of tins kind of sooial plant. 

The Dropwoit, Bur-reed, and Rushes are also sooial plants, and it 
is noteworthy that their long, slender, erect leaves are similar m form 
to the Grasses which on land are amongst the moBt successful of our 
social plants Just as the Grasses, with their closely interwoven 
roots and stems underground, and their dose, ereot, leafy shoots 
above ground, oan keep in oheok the growth of other plants and 
maintain a close sward, so in our pond the Dropwort, Bur-reed, and 
Rushes maintain themselves m distinct zones with little mixture. 
The Dropwort is not quite so successful os the other two, and amongst 
it plants of Water Plantain have found a place and have also suooeeded 
in gaining ground m the oloser Bur-reed zone. 

Turning now to the Rushes on the margin The Rushes form a 
olose well-maiked zone, which at the time of our visit was standing in 
watei and therefore foimed part of the pond-vegetation. Out of the 
water there was, however, no soaroity of Rushes, and from general 
experience most of us would regard the Rushes as plants of the marsh 
rathei than water-plants. The Rush zone of this pond therefore 
indicates that part of the margin which is only occasionally under 
water, and is generally maish. 

Prom this one may infer that this pond, as a rule, contains less 
water than when we saw it It has a maximum depth winch is 
determined by the sill of the outflow channel. The ebb extends at 
least to the lower margin of the Rush zone, but the Dropwort, Water 
Plantain, and Bur-reed are all plants which may grow in a wet marsh, 
and it is probable that this is the drought oondition of that part of the 
pond oocupied by these plants Fiom the appeoranoe of the Pond- 
weed we should say that its area is never quite free from standing water. 

Fig. 179 represents what has been a pond, but is now so dry that 
it might be desonbed as a dry marsh. The shape of the hollow is like 
that of the true ponds, and there is a distinct outflow ohannel. There 
is also an inflow ohannel of the kind seen m Pig. 178, namely, an 
oooasional ohannel whioh drains the overflow from some adjaoent hollow. 

Near the centre are patches of two water-plants—Pond weed and 
Bur-reed—restnoted to what aie now the wettest spots. The Pond- 
weed has small reddish leaves with short stalks, the Bur-reed has 
Bhort narrow leaves, both are land-adaptations and are probably 
romains of the original aquatio vegetation which has been displaced. 
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The other conspicuous plants of the pond-hollow are (a) Water 
Sweet-grass (Qlycena aquatica ), occupying the oentie exoept the parts 
utilised by the Pondweed and Bur-reed ; [b) Ins paQivdacoh'M at the 
southern or inflow end; (c) Marsh Horsetail (Eqmaetum pcUusti e) at the 
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northern or outflow end , (d) a bioad marginal ssona of Hushes. The 
large patoh of Water-grass indicates the i>art of tlie hollow whioh is 
oooasionally undoi water. It is a feature of this grass that it grows 
well in a moist place liable to inundation The Iris anil Marsh 
Horsetail oooupy woll-dofiued areas, and both are typieal marsh 
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plants. Altogether the vegetation of this hollow indicates that it is 
moist, and even marshy at times, but is never long under water. 

The ponds at Filey are thus instructive examples of aquatic and 
marsh vegetation The ponds themselves show every stage of transi¬ 
tion from ponds of open water to marshy hollows, and even dry 
hollows ” 

634. Weeds of Cultivated Soil.—There are many points 
of interest in connection with the weeds of cultivated fields 
and gardens For instance, the majority of these plants are 
annuals, and many of them are never found m a truly wild 
state They appear to depend upon cultivation, and many 
of them have a very wide distribution over the earth 

You should make observations on the succession of the 
weeds that spring up on a field which is allowed to remain 
fallow, or on a piece of cleaied ground. Annuals come in 
the first year—Charlock, Chickweed, Goosefoot, Eed Dead- 
nettle, Fumitory, Scentless Mayweed, Shepherd’s PurBe, 
Groundsel, Spurges, Scarlet Pimpernel, etc Next year the 
perennials (some of winch may have already got a footing) 
usually become abundant and aggressive—Nettles, Docks, 
White Dead-nettle, Thistles, Eagwort, Plantains, Daisy, 
Dandelion, etc , also various Grasses, e g. Cock’s-foot, Couch- 
grass, and such shrubs as Brambles By the third or fourth 
year the ground may be chiefly occupied by peienmals. 

Also make observations, at different times of year, on tlie vegetation 
of rubbish heaps, pastures, roadsides, railway-banks (note the 
differences between cuttings and embankments with regard to the 
conditions of life and the plants found), garden borders, lawns, 
ballast-hills beside seaports, pit-heaps beside collieries, waste 
ground near mills, etc On rubbish-heaps and ballast-hills we often 
find alien plants (brought from foreign countries) along with suoh 
plants as Annual Dog’s Mercury, Teasel, Docks, Kagwort, Knotgrass 
t Polygonum emctiZare), Henbane (2-4 ft , leaves lobed sticky and 
clammy, firs with 5-lobed oorolla yellow with purple streaks) Teasel 
and Henbane often grow in waste plaoes by the sea, and several plants 
are rarely found exoept on rubbish-heaps or on noh waste ground 
beside houses or farm-buildings, e.g. Grieater Celandine ( Ohehclonium , 
Poppy family), White Dead-nettle 

In my fairly well tended garden-borders (area about 100 square yards) 
I have, duiing the last four years, oompiled a * ( flora ” of over 140 
weedB, of which about 110 are annuals, and in a disused gravel-pit 
olose at hand, which I have watched oontmually since it was abandoned 
four years ago, I have counted about 70 species, including several 
shrubs, young trees, and marsh-piants which liave settled down during 
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this time and produced a dense vegetation The garden has 1> 
manured twice during the four years, while the gravel-pit has b< 
used as a “dump” for market-garden rubbish and street-mud, he] 
the noher flora as oompared with that seen on a larger area of wa 
ground hard by—a field which has been enclosed and had niuoli of 
turf removed by builders for lawn-making 
The vegetation of a lawn is often very interesting The lawn its 
oonsisls of various grasses (species of Poa , AlopecunL8 t Oynomr 
Festucay PhZeum, etc ), often mixed with white Clover, but it usua 
has various weeds which are well adapted to lesist the lawn-mow 
e.g Daisy, Dandelion, Plantain, Hawkweeds, Thistles, Cnt’s-ei 
Autumn Hawkbit, whioh have “radical” leaves in a losetto growi 
dose to the soil and kept there by the contractile roots, also ooai 
rampant Grasses, like Oouoh-grass which spreads by long undeigrou 
runners A damp or ill-kept lawn has a coveung of feathery Moss 
on tile soil, and is often invaded by various weeds whioh can compc 
with the Grosses, e*g Buttercups and even Hoisetails 


QUESTION'S ON CHAPTER XXVII 

1 Por what different purposes do you consider that a plant requirt 
to be supplied with water ? How are some plants able to withstan 
long-oontmued drought uninjured ? Give instances of suoh plants. 

2 How does the climate inside a greenhouse differ from that witl 
out 9 Name plants whose natural habitats are m climates (a) drier, (i 
wetter, (c) hotter, (d) colder than that of an English garden Wht 
arrangements would you make if you had to try to grow these vonoi 
plants in England ? 

3 The island of Singapore produoes more than 2,000 native specie 
of flowering plants; the Isle of Wight (about equal m area) some 800 
an equal area in the Egyptian Desert less than 200 To what cause 
would you attribute these striking differences 9 

4 How far do characters of the soil, other than its olienncol nature 
determine the flora growing upon it 9 

6. Desoribe the chief modes of perennation m herbaceous plants. 

6 Desoribe the different localities m which plants store up nntrimeni 
m one year for their own rapid growth m the next year, and state the 
nature of the stored substance in the cose of eaoh plant that you cite 

7- What wild flowers have you found growing along the margins oi 
lakes, ponds, and nvers? Distinguish those whioh grow with then 
stems (a) wholly m the air, (6) partly m air and partly in water, (c) 
wholly submerged. Show by sketches what you mean by the zones of 
vegetation along the water margin 
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8. Name any plants growing with then leaves wholly submerged 
How do suoli leaves differ from leaves surrounded by air’ 

9 Give the names of four water plants and four marsh plants 
Mention all the points you can think of in which water plants differ 
from land plants Can you give any explanation of the facts described’ 

10 Write a list of any plants whioh you have found growing with 
their leaveB submerged in water How do such plants obtain the gases 
which they require for respiration and photosynthesis ’ Describe the 
surface structure of a leaf (a) in a land-plant, (6) in a water-plant 

11 What special anatomioal peculiarities would you expect to find 
in water-plants ’ Explain how the structure you describe is connected 
with their conditions of life 

12 Enumerate the more common plants which you have found grow¬ 
ing m a marsh 

13 Write a list of plants which you have found on moorland walks 
What peculiarities of leaf-structure have you observed in any six of 
these ’ How does the possession of such peculiarities profit the plant ’ 
What was the nature of the soil on which the moorland plants grew ’ 

14. Name all the plants you have found either on a heath or on a 
moor, distinguishing carefully those whioh you have only found on 
heaths or moors Point out any features which you t hink fit the plants 
to live in such situations 

15. Mention twelve plants you have found growing m company with 
the Ling ( Calluna ) Describe the plants on whioh such plant-associa¬ 
tions ooour, and any general features of heath or moorlahd vegetation 
you have observed. 

16 Write an account of the vegetation you might expect to find 
growing on a swampy moor, and indicate any points m which the 
plants appear to be structurally adapted to suoh an environment 

17 Discuss the ecological conditions that may determine the forma¬ 
tion of the “ Heatheiraoor,” and give some account of the composition 
of the floia of each moor. 

18. How could you distinguish between Ling, Bell Heath, Cross¬ 
leaved Heath, and Orowberry, merely from leaf-bearing branches 
without flowers ? Desonbe the structure of the leaf in each of these 
foul plants, and explain how the structure ib adapted to the habitat 

19 Describe the flowers of Lmg, Bell Heath, and Cross-leaved Heath, 
pointing out their differences and explaining the pollination mecha¬ 
nism 

20. Describe the flowers and fruits of Orowberry Compare this plant 
with the Enoaoeous mooiland plants 
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21 How can you explain the fact that moat moorland plants, e g 
Ling, Heaths, Crowberry, are protected against free transpiration, 
although moors get so much moisture in the form of rain and mist ? 

22 Why is the vegetation of a high moor dwarfed, with no trees, 
while low moors (heaths) are often dotted with tall trees ? 

23. In what respects do many moorland plants agree with plants 
growing on sandy ooasts and m salt marshes ? How may those resem¬ 
blances be explained ? 

24. What is the difference between a marsh and a bog ’ 

25 Name several different species of plants that you have found at 
the seaside and not inland. State exaotly where and how each was 
growing, and mention any characters possessed by each that you think 
fitted it to its particular circumstances 

26 Give an aooouut of the vegetation of sand-dunes in any region 
you may select, and pomt out the speoiol adaptations exhibited by the 
plants to their surroundings 

27 Mention six plants you have found growing (a) on slimglo- 
beaohes, ( b ) in salt marshes Distinguish between those oocurrmg only 
m these habitats and those you have also found inland. 

28. Mention eight plants that you have found growing in each of any 
three of the following situations —Cornfields, Freshwater Bogs, Slnugle 
Beaches, Sandy Heaths 

29 What plants would you expect to find in any three of the follow¬ 
ing plaoea — (a) on open heath, (b) a Balt marsh, (c) a Freshwater pond, 
{d) ohalk downs 9 

30 What would you infer as to the oharaotors of the soils in which 
the following plants were severally to be found growing’—Spiuroy 
[Sperynla arvensis), Coltsfoot, Kush {Juncus commujim ), Cotton Wedge, 
Wood Sage (Teucmim), Bee Orohid. 

31 Give several examples of groups of plants whioh giow together in 
the same habitat or locality and flower at about the Bum© season 
Why do these plants grow side by side, what eauBes bind them to 
special localities, and why do they flower simultaneously ? 

32 Mention eight plants that you have found growing on open 
roadsides (not much shaded by hedges), and eight that you liavo found 
growing under the trees of a wood Have you noticed any oharaotors 
of these two groups which seem to you to have anything to do with 
the difference of habitat ? 

33 Show, by reference to alpine plants, to the carpet of spring 
flowerB m woodlands, to flowers of foreign ongin in English gardens, 
to the lack of flowers in hayfields after July, and by other illustrations, 
that the competition of neighbouring plants is one important condition 
of plant-life. 
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34 Name two or tbiee shrubby plants which most commonly com¬ 
pose the hedges of fields, also any othei shrubs you have seen growing 
in hedges Explain the effeot of outting a hedge on the growth or 
hedge shrubs. 

35 Name the month or months of flowering of each of the following 
plants Alder, Ash, Beeoh, Bluebell (Wild Hyaomth), Coltsfoot, Elder, 
Goise, Hazel, Honeysuckle, Horse-ohestnut, Ivy, Laurastmus, Lesser 
Cajondine, Ling, Oak, Pine, Ragwoit, Red Campion, Snowdiop, Sweet 
Chestnut, Tormentil, Water-butteioup, Water-mint, Wood-anemone, 
Wood-sorrel. 

36 Give an account of any observations you may have made on the 
colonisation by plants of laud bare of vegetation. What oharaoters 
enable plants to colonise such land ? 

37 To what extent has the natural wild vegetation of tins oountry 
been modified or destroyed by mankind oi by domestic animals? 
Describe ony pieoeof ground that appears to you toiepreaent primitive 
nature untouolied by the hand of man. 

38 Explain liow it is that Daudelions and Plantains are able to live 
so successfully as weeds in a lawn 

39. What other plants have you found growing among the grass of a 
garden lawn’ Explain why these plants aie able to grow there, and 
show how the garden-mowing maohine or soy the and other causes seleot 
or mfluenoe the flora of the fawn 

40. Mention the bix most troublesome weeds m any garden with 
wluoh you are well acquainted. Explain carefully, so far os you oan, 
the reasons why each ib specially troublesome. 

41. Mention any observations you may have made on the flora of 
ground that has been turned ovor but not planted —e <j xailway em¬ 
bankments, fallow fields, garden bedB Can you give a list of plants 
growing in snoh places, and account for their presence? 

42. Desoribe the vegetation of an Oak o? Syoamore wood, naming 
the plants observed and the dates of flowering Compare the vegeta¬ 
tion with that of a Beeoh wood How do you account for the 
difference ? 

43 Suppose you were asked to write a report on the vegetation of 
some particular acie of ground (heath, common, meadow, marsh, 
woodland, moor, or hillside), how would yon set about the task? 
What would you try particularly to find out? What observations 
and notes would you make ? How muoh time would you wish to be 
allowed foi the inquiry 9 
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CHAPTER XXVIII. 


THE USES OF PLANTS. 

635 . Vegetable products not only supply us, directly or 
indirectly, -with all oui food except water and salt, but furnish 
us with much of our clothing, medicine, furniture, and many 
othei necessities and luxuries of life 

Vegetable Technology or Economic Botany is a most 
important branch of botanical science, which can only be dealt 
with here in a very fragmentary maimer Further details 
will be found in such books as Freeman and Chandler’s 
Comme* cial Products (Pitman and Sons), and the Official 
Ghndes to the Museums of Economic Botany at Kew Gardens 
and the Imperial Institute, both of which should be visited 
by the student 

Apart fiom wood, coik, and fibies, most economically 
useful plants are useful because they contain substances 
formed as reseive stoies of food or as bye-products and 
excretions, though most green vegetables and salads contain 
little more than the ordinary substances found m plant- 
tissues In forming reserves (m fruits, seeds, rhizomes, 
bulbs, corms, tubers, roots, etc ) the plant always stores both 
nitrogenous and non-mtrogenous materials, the former chiefly 
as proteids, the latter as starch, cellulose, rnulin, oils The 
waste-pioducts (some, howevei, capable of being used up 
again in the plant’s nutrition) include oils, wax, resin, alka¬ 
loids, latex, etc , which are practically always stored within the 
cells or m special cavities or passages 

Medicinal produots and forage-plants are not dealt with here 
Apart from these we might classify useful plants into those yielding 
food-studs and those used for other purposes, or we might arrange them 
in their families according to the modem system of classification. The 
latter plan, often followed, has many advantages, for one thing, many 
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families aie distinguished by yielding similar economic products, e g 
the ooreal Glasses, the acrid Raiiunoulaoeae, the pungent but harmless 
Cl ncifers, the aromatic pot-herb Labiates, the resinous Conifers, and 
so on But m a shoit aeoount like this it will seive to adopt the 
simpler plan of noting wlnoh plants and parts of plants supply various 
materials commonly used 


636 . 'Wood.—Monocotyledons do not yield much useful 
timber, owing to the scattered bundles and the usual absence 
of secondary thickening, though whole and split stems of 
Bamboos, Palms, etc , are largely used 

The most generally useful plants yield mg timbei which can 
be sawn up are the* Conifers, their wood being usually soft 
enough to be easily woiked, the stems straight and regular, 
while the iesm they contain prevents decay. 


The chief timbeis we import are Scots Pine (“Red and Yellow 
Deal ”), mostly from the Baltic ports (the finei kinds from Russia and 
Sweden) , Spruces ( Picea ), from Baltic, Canada, etc , and vanoua 
otlieis in snmllei quantity. Laioh, Oak, Beeoli, and a few others aie 
hugely glow a m Bntain, but this country, by far the largest importer 
of timbei, has only about 3 million aores of forest (4 per cent of 
tlio total aiou, a lowoi percentage than in any other state except 
Poitugul) ; wo impoit timbei annually of value 30 millions sterling 
Apaifc fiom shipbuilding, the woods used for piles and othei sub¬ 
merged stuiotures (locks, water-wheels, eto ) aie Elm, Larch, Chest¬ 
nut? for bridges, piers, and other constructions requiring great strength 
and resistance to strains, Oak and the lmrdei kinds of Pine , for railway 
sleepers, which must be durable m contact with earth and metal, creo- 
soted “ Red Deal ” (Scots Pino), for pit pi ops, Larch and Scots Pine, 
also Cluster Pine from S France for Welsh collieries , for telegraph 
polos (requiring, like ship-masts, elasticity and wind-resistance) Pines 
and Larches, for scaffold-poles and ladders, Spruce, for rafters and floor¬ 
ing, Soots Pino from Dantzic, and the cheaper Noi way variety imported 
as ready-made flooring, also American Pitch Pme, Laioh, Black Spruce , 
for wood-paving both olieap softwood (Pme) and more rluiable hard 
wood (Euoalyptus), for fenomg, chiefly Oak, Larch, Chestnut, for 
general carpentry needing olieap, easily-worked, and faiily durable 
wood, Pme, also Spruce, Oak, Ash, etc. , for carriage-building, tough 
haid 'woods not liable to Bpbnter (Hornbeam and Elm foi hubs, Oak, 
Ash, Robima, etc , foi spokes-Hickoiy for axle-trees and sliafts- 
Poplar, Birch, Maple, eto , foi panels—Willow for wheelbarrows), and 

In furniture-making (needing beauty of colour or grain, durability, 
susceptibility to polish) an immense variety of woods, Oak was the 
chief furniture w'tiod until modern times and it is interesting to note 
the various woods used at different periods for fmmture, oarvmg, etc 
(as seen m tlio South Kensington Museums); e g Gibbons used Lime 
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and other soft white woods for his marvellous carving, while Mahogany 
has been greatly used for furniture since the times of CJIuppenualo, 
Hepplewhite, and Sheraton, as have Walnut, Bn oh, Hazel (often sold 
as Oak), Pine (“ deal,” in cheap goods), American or Canary White- 
wood (Tulip Tree) for chair-seats, Beech and Yew by the Bucks oliair- 
makers , Ash chiefly for bent woodwork , and so on. 

The turner, who needs close-grained woods not too easily splintered 
and capable, if necessary, of taking polish, uses largely Ash (oankeiod 
and twisted wood is best for mallets), Beech for wedges, planes, tool- 
handles, Pear for T-squares, Elm for Bowls, Walnut foi gun-stooks, 
-etc 

For walkmg-stioks, many British trees, also oanes (Bamboos), leaf¬ 
stalks of Date Palm, and Cabbage-stems (Jersey Cabbage), for wood- 
engraving (now largely superseded by metal-blooks) Box is unequalled, 
but Hawthorn, Pear, and Dogwood are also used, Box getting scaroe ; 
for piano sounding-boards, Spruce, the most resonant wood; for 
tobacco-pipes, “Briar” (a species of Erica, from S. Europe); for pencils, 
Cedar from Bermuda and Virginia, for toys, soft white woods like 
Willow, Alder, Poplar, Lime, Pines, eto , for packing-cases, Norway 
Spruce and Silver Fir, both cheap 


637 . Yon should study (1) the general structure of woody 
stems (Arts 295-804), noting especially the process of second¬ 
ary thickening, cambium, annual rmgs, rays, bark, (2) the 
texture and other distinctive features of different woods, 
including such defects as “ shakes ” of vanous kinds, knots, 
burrs, etc \ (3) diseases of timber, liow caused and how 
prevented, (4) the reasons why different woods are selected 
for different purposes, e g turnery, shipb uildin g, cabmet- 
making, (5) the sources of different timbeis, imported and 
British-giown You can get specimen-blocks of different 
woods from timber-merchants or jomers, some cut to show 
the transverse, radial, and tangential surfaces, others with 
the bark left on, thm broad slices, suitable for examination 
with lens, or low power of microscope, can be obtained from 
dealers m educational supplies. 

Try the vanous reactions of hgnified (woody) oell-walls — coloured 
yellow with iodine or ohlor-zmo-iodine, oolouved yellow and swollen 
with iodine and sulphuno acid, ooloured bright yellow with acidu¬ 
lated solution of aniline sulphate, chloride, oi nitrate, rod with acid 
solution of phlorogluom; green on exposure to light after treating 
with mixture of oarboho and hydroohlono aoids (test for oomfenn); 
not Btamed, or but slightly, by carmine and haematoxylin solutions' 
but deeply stained by anilin e dyes. 
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638. Cork is almost solely obtained from the Cork Oak 
of S Europe, and (despite its extreme lightness) several 
thousand tons are imported yearly (mostly from Spain), 
the “ virgin cork,” which is rough and furrowed, is the first 
crop taken from young trees (10-15 years old\ and is used 
for window-boxes, ferneries, etc The ordinary “bottle- 
cork ” is cut off: every 10 or 12 years, care being taken not to 
cut too deeply as to injuie the cork-cambium 

If done with care, the removal of the cork seems to benefit 
rather than injure the tree It is lemoved by longitudinal 
and transverse cuts, or by a cork-cuttmg machine, m slabs 
■weighing about 40 lbs , steeped m boiling water or steamed 
to increase its elasticity and remove tannin and other sub¬ 
stances, then scraped, cut to the requned shape, washed m 
oxalic acid, and dned The lightness of coik is due to the air 
enclosed in its cells, which have thin but tough cell-walls 

Examine (1) pieoes of rough cork, as sold for window-boxes, etc , 
(2) out cork, 6 (/ bottle-eoiks, noting the thin daik layers here and 
tlioio, and the lenticels (oanals filled with loose powdery cork-cells), 
note how bottle-corks are out so as to oid having lenticels running 
loiitjitudrnally in the cork wlien fitted into the bottle-neck 

(Jut tlim sections from a bottle-cork, soak in alcohol (to remove air- 
bubbles), then in water, mount in glycerine, and with low power of 
microscope note the regulai arrangement of the cells m rows, the thin 
pale yellow or brownish cell-walls, and the absence of cell-contents 
With iodine, corky cell-walls turn deep yellow, with lodme and 
sulphuric acid they turn deep yellow or brown, but do not swell (com¬ 
pare with woody walls), with strong potash they turn deep yellow 
and on heating yellow drops of Buberin (corky substance) escape ; 
with stains (oaimine, haematoxylm, aniline dyes) they behave like 
liginfied walls , heated with Schulze’s macerating fluid (chlorate of 
potash in nitric acid) they lose their outline and run into drops (of 
ceric acid). All these reactions can he done with Bhces of coik on a 
glass Blip, but be careful not to let aoid or acid fumes get on the 
mioroBOope 

639. Fibres, used for cordage, mats, weaving, etc, are 
mostly (1) the lignified sclerenchyma fibies m stemB of 
herbaceous Dicotyledons and (2) the entire bundles of 
Monocotyledonous stems and leaves 

In the former case the “ bast’’-fibies (usually in strands 
outside of the phloem of the vascular bundles) are obtained 
by soaking the stems in water and beating the fibres out, 
the chief fibres of this kmd are Flax (grown largely in 



550 THE USES OF PLANTS 

Iieland, but about half our supply imported from Euseia) 
from Lmum i imtatissimwn , Hemp ( Cannabis , Nettle family), 
Jute ( Corchorus , Tiliaceae), Suiul Hemp ( Crotalana , Legn- 
minosae), Ebea or Eamie (Boehmena, Nettle family) The 
inner bast of Lime-tree is also used, but tlie wood-fibies and 
vessels of stems are shorter and less useful than the bast- 
fibres, which are alone used for weaving 

The chief Monocotyledonous fibres obtained from the leaves, 
by maceration and beatmg, are Manila Hemp (Musa) , Sisal 
Hemp (Agave), New Zealand Flax (Phormhim), Bowstring 
Hemp (Sanseviei a), Mauritius Hemp (Furciaea). The entire 
leaves of various Q-iasses, eg. Esparto-grass (Shpa), and 
Sedges (Cyperus) are used for making paper, mats, etc , 
similar use is made of the straw of Cereals, Eush-stems, 
Osier-twigs, etc Many Palms have fibres on their leaf- 
bases and fruits, used chiefly for brushes and other coarse 
work, but m some cases for cordage, e q Coir (Coco-nut) 


640. Cotton.—By far the most important surface-fibies, 
however, are those of Cotton ( Qossypmm , Malvaceae), the 
fibres being long unicellular hams on the seeds (for wind- 
dispersal) inside the capsule These hairs, sometimes over 
2 ms long, each founmg a flat twisted tube, wider at the 
middle than at its origin fiom the epideimis and at its free 
end, when mature the flattened cavity contains practically 
only am 

Moisten some “ cotton-wool ” with alcohol, then soak in water, and 
examine with the miorosoope, noting the long unbranched umoellulai 
hairs, the thick colourless cell-wall, and the remains of granular 
protoplasm (sometimes this has entirely disappeared) Soak some in 
iodine and note the walls stained yellowish Mount some of the 
iodine-soaked cotton in a drop of sulphuric aoul, note that the walls 
beoome blue and swell up considerably, while the hairs become un¬ 
twisted j m cotton treated with ohloi-zinc-iodine, the wall stains blue 
or violet, while the remains of the protoplasm (if present) stam 
yellow; with aniline Bulphate the walls are not stained, since they 
oonsist of cellulose and are not ligmfied 

Dissolve some copper sulphate in water, add dilute potash, collect 
the precipitate on a filter and dissolve it m ammonia , plaoo some 
ootton-wool in the solution thus obtained, and note that it swells up, 
the hairs fusing into a jelly-like mass and finally dissolving (a character¬ 
istic reaction of cellulose) 
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641. Paper-Making. —Many vegetable fibres have been 
used for paper, besides such substances as rag, straw, peat, 
and Bracken, but they are now largely superseded by wood- 
pulp, so much of winch is used that the world’s timber- 
supply is being seriously affected The best woods are 
Poplars, Alder, and Spruce, while Pme wood is used for 
coarser sorts of prmting-paper, packing-paper, and card¬ 
board 


642. Dyeing Materials. —Organic Chemistry has largely 
supeiseded natural dyes by artificial synthesis and the pre- 
paiation of the endless aniline series from coal-tar Most 
natural vegetable dyes are obtained by soakmg tbe plant in 
water. The synthesis of alizarin m 1869 almost destroyed 
the cultivation of Madder ( 'JRmbia ) ; that of artificial Indigo 
will piobnbly in time stop the growing of the Indigo-plant 
( Iiichgqfem , used to make laundry blue as well as for dyeing), 
which itself superseded woad (Isatis) 

Plants still uaed are Logwood {Hcwmato&ylon), Fnstio (yellow, fiom 
wood of Madura, Mulberiy family, Weal Indies) ; Turmeric, now 
■UBed more as oiury powder than a dye , Arnalto ib the red pulpy seed- 
coat of a S Amenoftn species of Biva, used to dye silk orange or yellow 
and to stain Dutch cheeses ; Saffron, the stigmas of Orocus sativiia, is 
used chiefly to colour oakes, not being ft permanent dye Allcanet root 
is used as a red dye for imitation rosewood fiumtuie. 


643. Tanning Materials of plant origin have, like 
vegetable dyes, been largely replaced by chemicals, e g in the 
chrome-process, hut many are still used Tannins are 
probably useful m the nutrition processes of plants, since 
they often occur m growing parts, but when they occur in 
such parts as the bark they can only be regarded as excre¬ 
tions, having a secondary use in protecting the plant against 
animals, etc 

The ohief natural tanning substances are obtained from Oak (bark, 
acorns, galls), Sumac (twigs and leaves), Acacia, Birch, Hemlook 
Spruoe, Euoalyptus, eto Tannin ocours both in cell-sap and oell- 
walls , it is coloured deep-biown by potassium diohiornate or ohromio 
iioid, greenish blue by feirous sulphate dissolved in mhrio acid, and 
gives a yellow precipitate with solution of ammonium molybdate in 
ammonium, ohloride. 
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644. Oils may be, for general purposes, divided into 
(1) fixed oils, found chiefly as reserve food m seeds and 
usually obtained by pressure, (2) fats, (3) waxes, (4) volatile 
oils obtained from leaves, flowers, etc., by distillation 

Fixed oils include non-drying oils (remaining fluid except 
at very low temperatures), e g Almond, Brazil-nut, Castor, 
Colza, Cotton, Mustard, from seeds, Olive fiom flesh of 
drupe, and drying oils, used in painting, etc y eg Linseed 
(Flax seeds), Sunflower, Walnut 

Fats, remaining solid at fanly high temperatures, include 
Cocoa-nut or Copra (endosperm of Cocos), Palm-oil (meso- 
carp of Elaeis ), Cacao-butter (fruit of Theobroma, the Cocoa- 
plant), and still firmer substances used as butter or grease 
and obtained chiefly from Palms 

Vegetable waxes are not much used except Japanese Wax 
fi om Laquer-trees {Rhus species). 

Volatile oils are distilled from the leaves of various 
Labiates (Lavender, Mint, Peppermint, Patchouli, etc), 
Eucalyptus, Orange and its allies (Lemon, Bergamont), 
Cinnamon, Bose, Clove, some (Grasses (Lemon-grass Andro- 
pogon), etc 

Oils are stained black with osmic acid and red with 
alkanna, soluble in ether, and saponified (converted into 
soap) with potash (tiy these tests on a section of Almond, 
Brazil-nut, and other seeds), ethereal oils are dissolved by 
alcohol, fixed oils (except Castor-oil) are not 

646. Gums, formed by disintegration of the internal 
tissues (chiefly of the cell-walls), are yielded by many plants, 
especially by those growing m dry countries Gummy cell- 
walls (cut sections, with razor dry or wetted with alcohol, of 
dry Linseed, mounting in pure glycerine) swell with water 
(and to a greater extent with potash), are unstained by 
iodine (but sometimes stain blue with iodine and sulphuric 
acid), and stain pink with corallm-soda, gum formed from 
protoplasm may be seen in sections of tubers of Early Purple 
Orchis 

(Gums axe insoluble in alcohol, but most dissolve in water, 
arabin completely, bassorm slightly, while cerasin is in¬ 
soluble , these three types of gum occur m Acacia (Arabic, 
Wattle), Astragalus (tragoconth), and Oheny respectively. 
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646. Resins, produced by secretion or disintegration and 
contained m special passages or cavities, are typically yellow 
transparent substances insoluble in water but soluble m 
alcohol, ether, etc., and may be divided into true solid resins, 
gum-resins (mixtuies of gums and resms), and balsams (fluid 
resms and resins dissolved m ethereal oils). 

The chief balsams are those of Conifers (turpentine) , 
when distilled, resin is left and oil of turpentine passes over. 
Other balsams aie Tolu ( [Toluifeui ), Storax ( Liquidambar ), 
Benzoin ( Styrax ), Copaiba (Oopaifera), etc. 

The chief gum-resins are Gamboge (Garcmici), Frankin¬ 
cense ( Boswelha ), Ammomacum (JDorema), Asafoetida 
(. Ferula ), etc. 

The true resins include commin lesm or “ rosin,” cbstdled 
from turpentine of Conifers and used in making varnishes, 
which are simply solutions of resm m oil of turpentine 
(common “ turps ”) or alcohol , also the copals and 
dammars Many lesms are also used in medicine and laquer- 
work 

Kinos (fiom Eucalyptus, etc), used m medicine and 
tanning, are resm-like in appearance, but soluble m water 
Camphor is also resm-like but crystalline , vanous lands are 
distilled from leaves of Camphor, Cinnamon, etc. 

647. Rubbers are obtained from the juice (latex, often 
milky) of tropical trees, in which it exists as suspended pai- 
ticles, these clot, on the escape of the latex, after cuttmg the 
bark, either by drying oi by use of acetic acid, etc. The chief 
rubbers are Para, Panama, Ceara, African, etc., from plants 
belonging to the Spurge, Periwinkle, Fig, and other families 
Rubbers are usually “ vulcanised ” by treatment with sulphur, 
to make them more durable, they are soluble m chloroform 
and benzol, swollen by potash but not dissolved, and stained 
with alkanna. 

In Dandelion, and other Composites with ligulate flowers 
only, latex is secreted m a network of vessels formed by cell- 
fusions m different directions; cut tangential sections from 
bast of root and note the long parallel vessels with horizontal 
cross-connections In Spurges it is contained m branching 
tubes which are not joined up, and in it are curious dumb¬ 
bell-shaped starch-giains, also proteid-masses. 
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648. Starches. —Besides its use m food and breadmakm 
starch, is largely used ul calico-printing, as toilet powder, ar 
for making paste, dextrin, and glucose. 

Staich was until 1840 chiefly made from ’Wheat-grams l 
steeping and fermenting to remove the other constituent 
hut is now made from Potatoes and Rice Dextrin, used 3 
u dressing ” muslin, etc , for postage stamps and envelope 
| and other purposes, is made chiefly from Potato starch t 

; heating or treatment with dilute acid, while glucose is mac 

from Potatoes, Maize, Wood, etc, by carrying the dextri 
process further 

The chief edible starches are Arrowroots, Sagos, Tapiocas, ar 
various preparations (e g “breakfast-foods”) of Wheat, Barley, Oa 
and Rioe Meal 

Arrowroot comes from the rhizomes of various plants (Marant 
Canna,, Curcuma , Manihot , etc ), in tropioai and Bub-tiopioal regioi 
(West Indies, Brazil, Natal, East Indies), tapioca, fiom the tube 
of species of Mamhot (Spurge family) m S America, etc , differs in lmvir 
undergone partial change into dextrin by being dried on hot plat 
instead of m the sun ; sago, fiom stems of Palms in Malay, S Amenc 
eto , Maize starch gives corn-flour , semolina is made from hai 
“ flinty ” varieties of Itakan Wheat. 

Buckwheat ( Fagopyrum , Dock family) is made into me. 
like the true cereals (Wheat, Oats, Barley, Rye, Mille 
Rice), besides being used (like Maize) for poultry food 
( macaroni and vermicelli are prepaied fiom hard an 

: highly nitrogenous varieties of Italian Wheat. 

649. Sugars aie chiefly obtained from Cane, Maple, Bee 

i Palms, and starch The “ canes ” of Saccharum are crushe 

and yield crystalline, raw or brown sugar and uncrystallise 
molasses, the latter being distilled to make rum, while th 
former is refined for loaf-sugar, treacle, and syrup Map] 
sugar is the spring sap of several NT American Maples, bn 
most of it is used mUSA. and Canada and little exported 

Beet sugar, the manufacture of which began in Franc 
> under Napoleon I. and is subsidised by various Europea. 

1 states, competes seriously with cane sugar and will probabl 

become the chief supply, the sugar beet can easily be grow 
in England, and 100 lbs of roots yield about 7 lbs. sugai 
Palm sugar, mostly obtained from Date Palm by cutting th 
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spackx and collecting the juice (“toddy”), is chiefly consumed 
on the spot (India), but also sent to England as cane sugar 

We consume over a million tons of sugar annually, about 
70 lbs. per head of our population. 

650. Pulse comprises the seeds of Leguminous plants, 
rich m pioteids, e g Peas, Eiench Bean, Broad Bean, Lentils, 
pods of Runner Bean (upe seeds unwholesome), French 
Bean (npe seeds = Haricots), and the underground fruits of 
Earth-nut {Aiaclm, also called Pea-nut and Monkey-nut) 
which are very oily (oil used for soap, candles, cold cream, etc.) 

651. “Roots” and “Tubers” are more watery vege¬ 
tables, including Potato, Sweet Potato ( Ipomaea ) and Yams 
(JDioscorea) being its tropical substitutes; Jerusalem Arti¬ 
choke (no starch, but rich m sugar and mulin) , Turnip 
(no starch or sugar, but a pungent essential oil) , Carrot 
(4-5 per cent sugar) , Parsnip (both sugar and starch) , 
Beet-root (10 per cent sugar); Onion (essential oil and 
some sugar) , Salsify and Scovzonera have edible roots 

652. Green Vegetables include various plants whose 
leaves, huds, mfloiescences, etc, are eaten, usually cooked, 
eg the various foirns of Cabbage (Art 380), Spinach 
(seveial Chenopodiaceae with leaves rich in nitrate of potash, 
■species of Spinaem, Atnplex , etc), Beet (leaves of small 
varieties), Seakale (blanched stems and leaf-stalks), Celery 
and Cardoon (blanched leaf-stalks), Asparagus (young 
annual shoots), Globe Artichoke (receptacle and fleshy bases 
of bracts), Leeks, young shoots of Nettle and Hop 

Salad-plants, usually rich m potash, salts, and eaten raw, 
include Lettuce (slightly narcotic), Water-cress (rich in 
sulphur), Cress and Mustard (young seedlings eaten), Endive 
and Dandelion (leaves blanched), Sorrel. 

The chief fruits eaten as “vegetables” are various Bean- 
pods, Tomato, Marrow, Cucumber (young fruits pickled as 
“ gherkins ”) 

653. Fruits.—Apples, Pears, Service, Quince, and Medlar 
are the chief pome-fruits, Plums (including the varieties 
Damson, G-reengage, dried “prunes,” etc.), Chemes, Apricot, 
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Peach, and Nectarine (smooth-skinned variety of Peach) a, 
the chief drupes (Almonds are also drupes, with edible seed 
not fleshy mesocarp), Gra/pes, with several varieties, e 
Kaisme (dried grapes), Currants (dried small seedlet 
grapes) , Oranges, Lemons, Citron, Grape-fruit, Lime-fru 
(berries with ovary-chambers filled with fleshy hairs) ; Dal 
(1-seeded berry), Pomegranate (2 tiers of carpels, seed-coal 
fleshy) , Banana (fairly rich m nitrogenous matter as well £ 
m sugar and jelly), a seedless 8-ckambered inferior ben 
(note remains of perianth, etc , at free end) , Water Meloi 
(structure as m Marrow and Cucumber), Strawberry 
Blackberry (Bramble), Raspberry, Gooseberry, Currant 
(Black, Red, White), Elder, Mulberry, Fig, Pineapple 
Cranberries (imported from Russia and U S A.), etc 

654. 11 Nuts," nch in proteids and fixed oils, mclud 
Hazel (Filbert, Cob, Baicelona-nuts), Walnut, Brazil-nut 
(seeds, about 20 formed in each fruit), Sweet Chestnut (littl 
oil but much staich), Coco-nut (a drupe), Pistachio, etc. 

655. 11 Food Adjuncts" are (1) alcoholic liquids, (2 
condiments, (3) flavouring substances, (4) alkaloids 

(1) Alcohol is obtained chiefly by distilling feraiente( 
sugary hqiuds Beer is made by allowing grains (Bailey 
Rye, etc ) to germinate, the endosperm-starch becoming con 
verted into sugar, then stopping the diastase-action by heat 
adding Teast to convert the sugai into alcohol (carbon 
dioxide and traces of other pioducts are also formed) anc 
Hop-bracts (studded with yellow glands containing a bittei 
substance, lupulin) to make the infusion keep as well as tc 
make it bitter, the alleged adulterants of beer are mostly fai 
too costly to be used 

Wine is made from various substances besides Grapes— 
Gooseberry, Currant, and Elder fruits, Cowshp flowers, 
Oranges, Ginger, Rhubarb, etc., cider from Apples, perry 
from Pears 

Distilled spirits include brandy (distilled from wine or 
potatoes, with addition of prunes, burnt sugai’, eLc ), whisky 
(when pure, distilled from gram and flavoured by traces of 
creosote from wood or peat smoke used), gin (flavoured with 
essential oil of Juniper fruit, or with turpentine, often with 
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addition of sugar, oils of cinnamon or oloves, etc ), rum (dis¬ 
tilled from molasses, coloured with burnt sugar, flavouied 
with Pineapple, etc ), absinthe (an unwholesome liqueur, 
flavoured with Wormwood). 

(2) The chief condiments, which contain volatile essential 
oils (some have been artificially synthesised), aie Mustard 
(ground seeds), Pepper (ground akenes, white or black if the 
pericarp is removed or left on), Cayenne and Chillies (cap¬ 
sules of Oapsicum, Solanaceae), Capeis (flower-buds of 
Gapparis —unripe capsules of Tropaeolum often substituted), 
Horse-radish (roots). Fennel (leaves), Garlic (bulbs), Pars¬ 
ley, Dill, Cummin, Anise, Fennel, and other TJmbellifers 
with aromatic fruits; various aromatic pot-herbs of the 
Labiate family (Mint, Sage, Thyme, Basil, Marjoram, 
Savoiy), of which the leaves are used, usually dried; Ginger 
(dried rhizome of Zingiber and allied tropical plants). 

(8) The chief flavourers and spices are Nutmegs (seeds 
of Myristica), Mace (anl of Nutmeg-seed), Allspice (dned 
berries of Pimenta, West Indies), Oloves (flower-buds of 
Eugenia caipophyllus) , flints of Caraway, Coriander, and 
Angelica (Umbellifeis), Peppeimint (leaves distilled foi 
oil) , C inna mon and Cassia (bark) 3 Vanilla (capsule of 
Vanilla-orchid) is costly, but the essential substance vanillin 
is piepared cheaply from coniform (present m cambium of 
Conifers) and other compounds 

(4) Most alkaloids are used m medicine, but in several 
vegetable products their action is modified by the presence 
of other substances; Tea (leaves of Thea vindis and its 
varieties), Coffee (seeds of Goffea), and Cocoa (hemes of 
TJieobroma) contain them, eaffem, and theobroimn re¬ 
spectively—almost identical alkaloids—along with tannin 
and oils, Kola seeds and Holly leaves are also used, the 
former resembling Cocoa and Coffee m composition, while 
the latter form a fan substitute for tea 

656. Miscellaneous Materials.—Many other vegetable 
materials are used which Lordly come under any of the 
headings already given, e g the bath-loofah, consisting of the 
vascular bundles of the fruit of a tropical Gourd (Luffa, 
very like that of Cucumber), after soaking to lemove the 
soft tissue 
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Graphite, -used for lead-pencils, etc, is found in beds and 
was doubtless formed from tlie earliest plants to appear on 
the earth—it consists of carbon. 


QUESTIONS ON CHAPTER XXVIII 

1, Describe the structure (naked-eye features) of a blook of Pine- 
wood, with the bark, out so as to show the ladial and tangential faoes, 

2 What is meant by “ silver grain ” m wood 9 

3 How are knots formed in timber, and how do they diffei from the 
rest of the wood 9 

4 How can you tell whether a surface of wood is out transversely 
across the stem or radially or tangentially along the stem 9 

5 Describe the two sets of surfaces seen in a square Pme matoh 

6 How can you distinguish between the following timbers m the 
natural state ( % e not stained, varnished, or polished) 9 —Pine (deal), 
Oak, Walnut, Lime 

7 What trees supply timber for the following purposes, and why 
are these timbers chosen m each case 9 —telegraph-poles, piles and 
piers, fine carvings, floois of houses, oars, shipbuilding, turnery woik 

8 How is oork formed 9 What tree supplies oomnioroial coik 9 
Describe the naked-eye struotme of cork, and point out how it differs 
from wood 

9 Name the chief fibres used in commerce (excluding cotton), and 
mention in each case the plant which yields the fibres, tbe part m 
which they occur, and then use to the plant 

10 What is “raw” cotton 9 Prom what plant is it obtained? 
What are the cotton-fibres, and what is their use to the plant 9 

11 What plants yield dyes, and from what parts are the dyes 
extracted 9 

12. What plants yield tanning materials 9 In what parts of plants 
is tannin contained, and of what use is it to the plants V 

13. Name the chief kinds of vegetable oils, and the plants, and 
parts, which yield them. 

14 What are resin and turpentine, and from what plants are they 
obtained 9 



THE USES OE PLANTS. 559 

15 What is lubber 9 What is latex 9 What plants have rubber- 
yielding latex 9 

16 From what plants, and from what organs, is starch usually 
obtained 9 What plants yield cornflour, sago, arrowroot, and tapiooa 9 

17 What plants yield sugai 9 Which plants contain (a) cane- 
sugar, (b) grape-sugai 9 How can these two sugars be distinguished 9 

18 Which part of the plant is eaten m the following cases, what is 
the nature of the food-material, and what part does it play in the 
plant's life 9 —Potato, Jerusalem Artichoke, Tuinip, Canot, Parsnip, 
Beet, Onion, Soorzonera, Spinach,Biussels Sprouts, Cauliflower, Celeiy, 
Aspaiagus, Globe Artichoke, Water-mess, Common Cress, Mustard, 
Endivo, Mint, Tomato, Cucumber 

19 Describe the struotuie of the following fruits —Apple, Peai, 
Quinoe, Plum, Cherry, Apricot, Peaoli, Nectarine, Almond, Giape, 
Raisin, Currant, Orange, Lemon, Date, Pomegranate, Banana, Straw- 
beny, Blackberry, Fig, Pineapple, Mulbeny. 

20 Desonbe the following 11 nuts 53 —Hazel, Walnut, Brazil, Sweet 
Chestnut, Cooo-nut, Pistaohio 

21 Describe the following, stating in eooh case the pait of the plant 
used —Block Pepper, White Pepper, Mustard (giound), Cayenne, 
Chilhes, Capers, Fennel, Ginger, Nutmeg, Mace, Cloves, Caiaway, 
Cinnamon, Manilla, Tea, Coooa, Coffee 

22 What is the nature of the following?—a bath-loofah, a lead- 
penoil, otto of roses, a bamboo-cane, a wicker basket, a olothes-line, a 
mast or flag-pole, a Panama hat, peppermint, lmseed-oil, olive-oil, 
oharooal, ooal, wood-paving, resin, macaroni 

27TZG> 
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the means of scouring distinct articulation. 

Hie Science of Speech. An Elementary Manual of English 
Phonetics for Teaohers. By B. Dumville, M.A,, F.O.P. 
2s fid. 
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flDatbematica anfc> flDecbanfcs. 

Algebra, The Tutorial Advanced Course By Wm Briggs, 
LL.D , M.A , BSc, and G H Bryan, So.D , E.R.S. 6s. 6d. 
A higher text-book of Algebra in whioh the more elementary 
properties of quadratic equations and progiessions are assumed. 

(< It Is throughout an admirable work .*’—Journal qf Education, 

Algebra, The New Matriculation With a Seotion on Graphs. By 
R Deakin, M A., late Headmaster of Stourbridge Grammar 
Sohool Fourth Edition 3s 6d. 

11 The scope and material of this book are comprehensive and full. Clearness of 
idea and aomimoy of woik are insisted on "—Schoolmaster 

Arithmetic, The Tutorial. By W P. Workman, MA., B.So. 
Third Edition. (With or without Answers.) 4s. 6d. 

A higher text-book of Arithmetio containing a very thorough 
treatment of Arithmetical theory, with numerous typioal examples. 
“Takes first place among our toxt-books in Aritlimefcio. "—Schoolmaster. 

Arithmetio, The Sohool An edition of the Tutorial Arithmetic, for 
sohool use By W P. Workman, MA., B.So. Second 
Edition (With or without Answers ) In one vol., 3s. 6cl. 
Part I , 2s Part II , 2s. 

“The beat Arithmetic for schools on the market ,"-—Mathematical Qcmctte. 

Arithmetio, The Junior Adapted from tho Tutorial Arithmetic by 

R H Chope, B A. (With or without Answers.) 2s. 6d. 

“ Excellent "—Educational Times. 

Arithmetic, Clive’s New Shilling. Edited by Wm Briggs, LL D , 
M A , B So. Is With Answers, Is 3d. Answers, 6d. 

“ These exercises are well chosen and progressive Scfiootmctster 

Arithmetio, The Primary Edited hy Wm. Briggs, LL D , M A., 
B So , P R A S. An Introductory Course of Arithmetical 
Exercises In Three Parts. Parts I and IX, eaoh 6d. Part 
III, 9cL With Answers, eaoh Part Id. extra 
“Thoroughly suited for uee in elementary schools generally ”—School Guardian 

Astronomy, Elementary Mathematical By G W 0. Barlow, 
M.A, B So , and G H. Bryan, So D., M r A., F.R.S. 6s. 6d. 

Book-keeping, Practical Lessons in. Adapted to the requirements 
of tho Sooiety of Arts, London Chamber of Commerce, Univer¬ 
sity Looals, eto. By T, 0 Jackson, B A , LL B. 3s. 6d. 

Book-keeping, Junior By T. 0 Jackson, B. A, LL B. Is. 6d. 

“Thebook ia an excellent one. Accountant * 1 Mugaiinc. 
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/©atbematfcs ant> /Kccbantcs —continued 

Coordinate Geometry By J. H Grace, M A., F.R B , and F. 
Rosenberu, A A., B So. 4a 6d 
An elementary treatment of the straight line, oirolo, and oomo 

Dynamics, The Tutorial By Wm. Brioos, LL D , M A , B So., 
and G H Bryan, So D , F R S Second Edition 3s Gd 

“A dear and lucid introduction to Dynamics ."—Satunlay Review. 

Euolid By RdPERT Deakin, M A With an Intiodnotory Ooiuse 
of Drawing and Problems m Praotioal Geometry Books I., 
II , 1 b Books I -IV , 2s Gd Books V , VI , , Is Cd 

11 If any school master is not satisfied witli the text-book ho liai at present lit use, 
w o recommend him to try thiB one Educational Time* 

Geometry, Deductions in A Collection of RiderB and Practical 
Problems By T W. Edmondson, B A , Ph D 2s Gd 

Geometry, Theoretical and Practical By W. P. Workman, M A , 
B So , and A. G. Cracknell, M A , B.So , F 0 P 

PART I Contains the matter of Euclid, I, III (1-34), IV. (1-9) 
2s 6d 

Part II Euolid, II, IV (10-16), VI 2s. 

PART HI Contains the matter of Euolid XL Is. 6d. 

This work is also published in two volumes under the titles .— 
Matnoulation Geometry (containing the matter of Euolid 
I.-IV ). 2d Gd Intermediate Geometry (containing the 

matter of Euolid VL, XI) 2s 6d 

»• One oE the beat books on modem llnee . 1 '—Ojtford Magazine (Part 1) 

“ Sound and sensible throughout "—Nature (Part II ) 

Graphs . The Graphical Representation of Algebraic Funotions 
ByG E French, M A , and G Osborn, M A , Mathematical 
Masters of the Leys School, Cambridge Second Edition . Is Gd 

Graphs, Matriculation. (Contained m The New Matriculation 
Algebra ) By G H French, M A , and G Osborn, M A Is 

Hydrostatioa, Intermediate By Wm Briggs, LL D , M A , B So , 
F R A S , and G H Bryan, So D , F R S 3s Gd. 

Hydrostatics, The Matriculation (Contained in Intermediate 
Hydrostatics.) By Dr Briggs and Dr Bryan. 2a 

Mechanics, The Matriculation. By Dr. Wm Briggs and Dr. G. H 
Bryan. Second Edition. 3e Gd. 

«lb is a good book—olear, oonolee, and aoourate ”—Journal oj Rlucation 

Mensuration and Spherical Geometry By Dr Baiaos and Dr. 
Edmondson. Third Edition. 3s. 6d. 
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flDatbentattcs ant) ZlDecbanics— continued. 

The Bight Line and Circle (Coordinate Geometry). By Dr. BRIC1G3 
and Dr Bryan Third Edition . 3a (Id. 

"It Ju thoroughly sound throughout, amlludeol deals with somo dlflloulb points 
with a oloameaa and accuracy tlmt lias nob, wo balieve, been surpassed "— Education 

Statics, The Tutorial By Dr Wm. Brig as and Di G. H. 
Bryan Third Edition. 3a Gd. 

“Written with oommenilablo oleavneaa "— Educational Times 

Tables, Clive’s mathematical Edited by A. G Oraoknkll, M A , 
B So. Is. Gd 

“ Well designed to oombino speed and aoauraoy ScTiool Guardian 

Trigonometry, The Tutorial By Wm Briggs, LL.D , M.A , B So , 
and G H, Bryan, So D , RR S. Second Edition. 3s Gd. 

"The hook la vory thorough Sckoolmastci 

Btoloo?. 

Plant Biology. An elemental y Course of Botany on modem lines. 
By F Cavers, DSo.FLS, A.R C S 3s Gd 

“ The freshness of treatment, tlie provision of exact instruction for praotloal work 
really worth doing, aul the consistent recognition tlmt a plant la a living tiling, 
eliould secure f jr i’rofetwoL Oavors' book an Instant welcome,"— School World. 

Plants, Life Histories of Common An Introductory Course of 

Botany based on tho study of types by both outdoor and indoor 
oxpouuieiit. By F. Cavers, D So , A.R 0 S , F.L.S 3s 

“The author la to be congratulated on tho exoolloiit features of his book, which 
may be summarlsod as a clear diction, a logical soquenoe, and a recognition of the 
essentials "— Nature. 

Botany, The New Matrioulation By A J Ewart, D So 3a. Gd. 

Botany, A Text-Book of. By J M Lowson, B So , F.L.S. Fomth 
Edition Os Gd 

“It represents the noiviust approach to the ideal botanical text-book that has yeb 
been produced "—That macntuctil Journal 

Physiology, First Stage Human. By G N. Mbachbn, M D , B S. 
laud , L B.O P., M Ri.CS. 2s 

Zoology, A Text-Book of By H G Wells, B So , aud A M. 
DAVIES, D So. Fourth Edition Os Gd 
“It Is one of tlio most reliable and useful textbooks published."— NaiuralUL'i 
tarty Kevutot 
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IPb2sfc0, 

The Tutorial Physios By R. Wallace Stewart, D.So,, 
E Oatchpool, B So., G J L Wagstaff, M.A, W R. 
Bo WEB, A.R 0 So , and J. Satterly, B A., B So. In 0 Vole. 

L Sound, Text-Book of. By E Oatchpool, B So 3s 6d. 

"A full, philosophical, and dooidedly original treatment of tills brnnoli of 
physios ."—fflvcational Turns* 

XL Heat, Higher Text-Book of By R W. Stewart, D So. 
Second Edition 6s 6d. 

“ Clear, oonoise, well arranged, and well illustrated "—Journal qf Education 

XU. Light, Text-Book of. By R W Stewart, D.So Fourth 
Edition , Eevieed and Enlarged 4s. Gd. 

“A very full and able treatment of the elements of Geometrical Optics."— 
Educational News 

IV Magnetism and Eleotrloity, Higher Text-Book of . By R. W. 
STEWART, D So Second Edition 6s 6d. 

“The tert is exceedingly lucid and painstaking in the ondoavour to give the 
student a sound knowledge of physios."— Nature. 

V. Properties of Matter. By 0. J. L Wagstaff, M.A 3s 6d. 

“ Very interesting sections are those on momentH of inertia from an olementaiy 
point of view, Boys' modification of Cavendish s experiment, surfaoo tension, and. 
capillarity ”— School 

VI Practical Physios By W R Bower, ARCS, and J. 
Satterly, B So , A.R C S 4s 6d 

" Great pains have evidently been token to seoure efficiency, and the result is a 
text-book wlu.oh merits great praise "—Nature 

The Hew Matriculation Heat The New Matnoulation Light The 
New Matrioulation Sound. By R. W Stewart, D So 2s. Gd. 
eaoh volume 

11 The treatment Is luold and oonoise, and thoroughly in accordance with tlio most 
reoent methods of teaahing olementaiy physics An outstanding feature of these 
books Is the inolUHion of a number or experiments which may be performed witli 
the most simple and inexpensive apparatus, and from whloh satisfactory rosulta 
may be obtained."— Nature 

Electricity, Technical By Professor H T. Davidge, B So., 
M I E E , and R W. HUTCHINSON, B So. 4s Gd 
“ A most desirable combination of sound instruction In scientific principles and 
engineering practice, ”—Jnlucational News. 

Magnetism and Electricity, School. By R. H Jude, D So 3s 6d 

“A useful text-book that seems much sounder os regards fundamental con¬ 
ceptions than most elementary works on electricity,flaywtl Maf&rtine. 
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The Tutorial Chemistry. By G. H. Bailey, D So , Ph D Edited 
by Wm. Briggs, LL.D , M A , B So , F 0 S. 

Part I Non-Metals Fourth Edition. 3a. 8d. 

Part II Metals and Physical Chemistry Sec . JSJcL 4a. 0d. 
“ Tlie leading truths and laws of ohemisbiy are here expounded In a most masterly 
manner Chemical Fews 

The New Matriculation Che hub try. By G H Barley, D.So., 

Ph.D Edited by Wm BRiaas, LLD., M.A., B So., F.O.S. 
Fourth Edition. 5b 6d 

Chemioal Analysis, Qualitative and Quantitative. By Wm. 
Briggs, LL D., M A., B So., F 0 S., and R. W. Stewart, 
D So Fourth Edition. 3s GcL 

The Junior Chemistry. By R. H. Adib, M.A., B So., Leoturer in 
Chemistry, St. John’s College, Cambridge. 2s. 6d 
ThiB is a course of combined theoretical and practical work 
written primarily to cover the requirements of the Oxford and 
Cambridge Junior Locals Its method of treatment differs from 
that of most modem books of this standard, inasmuch as it aims at 
bringing the pupil, from the outset, into touch with fundamental 
principles. 

The Elements of Organio Chemistry. By E I. Lewis, B A., B.So., 
Soienoe Master at Oundle Sohool 2s 0d 
The fundamental principles of the Chemistry of Carbon Com¬ 
pounds developed from and illustrated by the behaviour of the 
Ethyl, Methyl, Phenyl, and Benzyl compounds mainly. 

Systematic Practical Organio Chemistry. By G M Norm AN, B.So., 
A.R.O.So„ F 0 S. la. 0tL 

Perspective Drawing, The Theory and Prentice of. By S Polar, 
Art Master 6s 

A complete oourse of instruction covering the requirements of the 
Board of Education Syllabus in Perspective Drawing 

Soienoe German Course. By 0. W. Paget Moffatt, M A., M.B., 
B 0. 3a 6cL 

Containing an efficient grammatical introduction, a section on 
word-formation, extraots from German text-books on the several 
soienoea, and vocabularies of scientific terms. 

“ The hook provides a convenient means of obtaining aufflolont aoquaintanoe with 
the German language to read simple jwientiflo descriptions in it with intelligence.” 
—Nature ^ 
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Junior French Course. Bv B. Wkekley, M.A., Professor of 
Frenoh afc University College, Nottingham, and Examiner m 
the University of London Second Edition 2s. 0d. 

11 Distinctly an advance on nimilar courses."— Journal oj Education, 

The Matriculation Frenoh Course By E Week LEY, M A. , Examiner 
in French at the University of London Third Edition, En¬ 
larged . 3s 6d. 

“The rules are well expressed, tlie exorcises appropriate, and the inattoi noonrate 

and well arranged. Qiuii'dian 

French Acoidence, The Tutorial. By Ernest Weekley, M.A 
With Exeioises, Passages for Translation into French, and a 
Chapter on Elementary Syntax Third Edition, 3s Gd. 

“ We can heartily recommend it."—Schoolmaster 

French Syntax, The Tutorial By Ernest Weekley, M.A., and 
A. J Wyatt, M A With Exercises 3s. Gd 

“It ia a demdedly good book."— Quai'dian. 

Frenoh Grammar, The Tutorial. Containing the Accidence and the 
Syntax in One Volume. Second Edition. 4s Gd. Also the 
Exercises on the Accidence , Is. 6d., on the Syntax, Is. 

Frenoh Prose Composition. By E Weekley, M A. With Notes 
and Vocabulary Third Edition , Enlarged 3s 6d 
“The arrangementielurid, the rules oleaily expressed, the suggostiouu really 

helpful, and the examples carefully ohofleu ,"—Educational Tima 

Junior French Reader By E Weekley, M.A. With Notes and 
Vocabulary Second Edition Is Gd. 

“A very useful first reader with good vocabulary andnonslblo notes."— Schottlmastei . 

French Prose Reader By S Barlet, B 6s So , and W. F 
MASOM, M A , Examiner in the University of London, With 
Notes and Vocabulary 2s Gd 
“Admirably ohosen extraota."— Sehool Oove i iuuenf Cki'onicle, 

The Matriculation French Reader Containing Prose, Verso, Notes, 
and Vocabulary. By J A PhRRKT, Examinei in Ficuoli at 
the University of London. 2s Gd 
“ We can reoommend this book without reserve School Wo) Id. 

Advanced French Reader Edited by S. Barlkt, B 6s So , and 
W. F. Masom, M A. Second Edition *2h. Gel 
“Oho4on from a large range of good modern authors."— SchoolwaaUn 

Higher Frenoh Reader Edited by E WEEKLEY, M A. 3s. Gd, 

1 ‘ The passages are well chosen, interesting in theuisolvofl, and representative of 

the best contemporary stylists. 1 ’Worn not Education. 
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Bacon's Essays, I.-XX, By A. F Watt, M. A. Is 6d. 

Chauoer.—Canterbury Tales. By A J Wyatt, M.A. With 
Glossary Prologue Is Knight’s Tale, Nun's Priest's Tale, 
Man of Law’s Tale, Squire’s Tale Each with Prologue, 2s Gd. 
Dry den.—Essay of Dramatio Poesy By W H Low, MA. 3s. 6cL 
Dryden —Defence of the Essay of Dramatio Poesy Preface to the 
Fables By ALLEN MAWER, MA Is 6d eaoh 
Johnson —A Journey to the Western Islands of Sootland. By E. J. 
Thomas, M A 2b. Gd 

Johnson.—Life of Milton By S E GoaaiN, M. A Is 6d 
Langland.—Piers Plowman Prologuo and Pass us I.-V11 , Text B. 

By J F Davis, D Lit, M. A 4s. Gd. 

Milton.—Early Poems, Comus, Lyoidas By S. E GoaaiN, M A , 
and A. F. Wait, M A, 2s Qd. Areopagitica. la 6d. 

Milton.—ParadiBe Lost, Books I., n By A. F Watt, M.A Is. 6d 
Books IV., V. By S. E. GoaaiN, MA Is Gd. 

Milton.—Paradise Regained By A J Wyatt, M.A 2e. 6d. 
Milton — Samson Agomstes. By A. J. Wyatt, MA 2s 6d. 
Milton.—Sonnets By W F Mason, M.A. 1b Od 
More — Utopia. By R. R Rusk, Ph D 2s. 

Pope. — Rape of the Look. By A F. Watt, M.A. Is, Gd. 
Shakespeare —Midsummer Night’s Dream. Riohard II By A. F. 
Watt, M A Hamlet Merchant of Venice Bj t S E. 

GoaaiN, M A. Tempest By A. R Wlekes, BA 2s each 
Shakespeare. By Prof. W J Roli<e, D.Lilb, In 40 volumes 


King John 


All's Well that Ends Wall 

Antony and Uleopacra 

As Yon Like It 

Onnedy of Errors 

Ooriolsums 

OymbeUne 

Hamlet 

Henry IY. Parti. 

Henry IV, Part EL 
Henry V, 

Henry VI. Parts I.-HI. 
Henry VEEL 


2s. a "Volume 
| Midsummer Night's 
S Dream 

2s. 6d. a Volume 
Julias Caesar 
King Lear 
Love’s Labour’s Lost 
Moobeth 

Measure for Measure 
Merohant of Venice 
Marry Wives of Windsor! 
Othello 
Pericles 
Riohard EE. 

Ri ohar d ut. 


Huoh Ado About Nothing 
Tempest 


Romeo and Juliet 
Bonnets 

The Taming of the Shrew 
The Two Noble Kinsmen 
Timon of Athens 
Titus Androniaus 
Troilusand Orassida 
Twelfth Night 
Two Gentlemen of Verona 
Venus and Adonis 
Winter's Tale 


Shakespeare. —Henry VHL By W, H, Low, M A, 2s 

-Faerie Queene, Book I. By W. H. Hill, M.A. 2s. 6<L 
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jEnglteb language anb literature. 

The English Language. Its History and Structure By W H Low, 
M.A With Test Questions. Sixth Edition , Revised 3s 6d. 

11 A clear workmanlike history of the English language done on sound principles. 
—{Saturday Review 

The Matrioulation English Course By W. H Low, M A , and 
John Briggs, HA.PZS Second Edition 3s 0d 

CONTENTS. —Historical Sketch—Sounds and Symbols—Outlines 
of Acoidence and Syntax—Common Enois—Analysis—Parsing— 
'The Word, the Sentence, the Paragraph—Punctuation—Rules lor 
Composition—Simple Narrative—Compound Narrative—Descriptive 
Composition—The Abstract Theme—The Essay—Paraphrasing— 
Precis-Writing—Letter-Writing and Proof-Reading—Index 

“Tlie matter is dearly arranged, oonoisely and intelligently put, and marked by 
aoonrate scholarship and common sense Guardian 

English Literature, The Tutorial History of. By A. J. Wyatt, 
M A Second Edition. 2s 6d. 

“ This is undoubtedly the beet sohool history of literature that has yet ooine 
under our notioo "— Guardian 

“The scheme of the book la cleai, proportional, and solentiflo .'’—Academy 
“ A sound and scholarly work .' 1 —St James' Gazette, 

English Literature, The Intermediate Text-Book of By W H. 
Low, M A , and A J Wyatt, M A. 6s Gd 

“ Really Judicious in the Beleotion of the details given. "—Saturday Review 
“ Well-Informed and olearly written."— Journal of Rducatim. 

“ The historical part js concise andolear, but the criticism is even more valuable, 
and a number of illustiutive extracts contribute a most useful feature to the 
volume ."—Sohool 1 Fen hi 

An Anthology of English Verse. With Introduction and Glossary. 
By A. J Wyatt, M A., and S E. Goggin, M.A 2s 

Eor use m Training Colleges and Secondary Sohools The ex¬ 
tracts have been solected as representative of English verse from 
Wyatt to tlie piesent time (exclusive of drama) 

*' Wo look upon this collection os ono of the best of its kind."— Tcarhcia' Aid. 

Precis-Writing, A Text-Book of By T. 0 Jackson, B.A , LL.B., 
and John Briggs, MA,FZb 2s 6d 

In wilting this text-book, the authors have aimed at increasing 
the educational value of Pr<$ois-Writing by giving a more sys¬ 
tematic and a less technical treatment to the subject than is usual. 
“Admirably dear and businesslike."— Guardian. 

“ThoronglUy practical, and on right lines educationally."— School World. 
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lpbilosopbp. 

Ethics, Manual of. By J S Mackenzie, Litt D , M A , formerly 
Follow of Tnmty Oolloge, Cambridge. 6a 6d. 

“ In writing this book Mi Maokenzio linn produced an earnest and stilklng con¬ 
tribution to the ofchiual litoraturo of tho time "—Hfniil 

Logic, A Manual of By J WkltoN, M A., Professor of Education 
in tho Umvoisity uf LcedH 2 vols Vol. I., 8s Qd , YoL II., 
6s Od 

Yol I contains tho whole of Deductive Logic, except Fallacies, 
wlnoh aio tioated, with Induotivo Fallacies, in Vol II 
“ A olcai and compendious anmiuaiy of the views of ^arJoua thinkers on important 
and doubtful points .”—Journal qf Mucatlon 

Psychology, The Groundwork of By G F Stout, M A , LL I)., 
Follow of the Butiah Academy, Professor of Logio and Meta¬ 
physics m tlie University of St Andrews 4s 6d 
“All students of uliilosaphy, both beglnnem and those who would dasoribo tliem- 
eolveaaa ‘advanced, will iUi well to ‘read, mark, loam, and inwardly digest’ tills 
book."— OjJqixL Miii/aznu 

Psychology, A Manual of By G F STOUT, M A , LL.D 8s. 6d 

“There 1 h a refreshing abaeuoo of sketchiness about the book, and a cloni desire 
mnmfosted to help the student in the subjoat ”— Saturday Jtevlcic 

flDobem Ibistovp anb Constitution. 

The Tutorial History of England. (To 1901.) By 0. 8. 
Fearenside, M A 4s 6d 

“An excellent text-book foi tlieuppei forms of a uolioul ”—Journal qf Education, 

Matriculation Modern History Being the History of England 
1485-1901, with Bomo refeienoo to tho Contemporary Histoiy of 
Europe and Colonial Developments By C S Feaiienside, 
MA 3s 6d 

“A woik that gives ovldeuoo of Boholamlup and olavoi adaptability to uapeoial 
purpose Guardian 

Groundwork of English History By M E CARTER 2s. 

“It proaonts tlio salient fact* of English Hietoiy In a readable but definite form, 
nnonoumberod with iirelevant dotail T '—Schoolmaster 

European History, Main Landmarks of By F. N Dixon, B A. 
2s 

“A capable sketch in w'liioli bin tori oal movements are indioated accurately and 
with vigour .''—Guaitltaii 

Citizenship, The Elements of the Duties and Eights of By W. D. 
ASTON, B.A , LL.B Tim'd Edition. Is 0d 

Government of the United Kingdom By A. E. HOGAN, LL D 2s. 6d 

CONTENTS —Introduction — Legislature — Executive — Judicial 
System—Looal Government—Imperial Government. 
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Text-Book of Geography. By G. 0. Ery, MSo, FIO., Soienoo 
Master at West Buokland, North Devon. 4a 6cL 

This book is intended for use m the upper forms of schools and by 
candidates foi London University Matrioulatiou, the Oxfoid ana 
Cambridge Locals, and othoi Examinations of similar standard 
It deals with both General and Regional Geography In 
Regional Geography the natural features are first dealt with ana 
then the political faots that are the outoonie of these features 
“ It is ono of the moat aoiontiflo and rational text-books yet publlsliod " 
Educational News 

11 Mr Pry brings ont the fascination of tlie brood view of Geography —Literary 
World. 


Homan anb (&reeh lIMeton*. 

The Tutorial History of Rome (To 14 A.D ) By A. H Allcroft, 
M A , and W E. Masom, M A. With Maps Third Edition, 
Revised and m paH Rewritten 3s 6d. 

“ It la well and olciuly wLitten "—Saturday Jlevleio 

11 A dlafcinotly good book, full, cleai, and accurate,"— Guardian 

Tlie Tutorial History of Greeoe (To 323 B 0 ) By Prof W .7- 
Woodhouse, M A 4s fid 

“Prof Woodhouse 1 b exceptionally well qualified to write ft history of Greece, 
and ho has done it well ”— School World 

A Longer History of Rome By A H Allcroft, M A , and 
others (each volume containing an account of the Literature of 
the Penod)— 

390—202 B C. 3s fid 78—81 BO 3s Cd 

202—133 B 0. 3s. fid. 44 B C —138 A P 3s fid. 

138—78 BO 3s fid 

“ Written in a clear and direct stylo Its authors bIiow a thorough acquaintance 
witlitheli unthoiitics, and have also used the woiku of modem historians to gooa 
oirect-’'— Journal ot Education 

A Longer History of Greeoe By A II Allcroft, M A. 
(each volume containing an account of the Literature or the 
Penod)— 

To 490 B C 3s fid 404—862 BO 3s fid. 

490—431 BC 3fl fid 862—823 B.O 3s fid. 

440—404 B O. 3s fid. Sicily, 491—289 BC 3« Od. 

11 The authors have apparently sjwed no pains to make theii work at once com¬ 

prehensive and readable ■—Schoolmaster 
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Xatin an£> (Bveeft. 


Grammars and Readers 
J unior Latin Course By B J Hayes, M. A. 2a 6d. 

“A good practical guide The punuiples are Bound, and the rulea ate oleaily 
stated ”— Educational, Times 

The Tutorial Latin Grammar By B J Hayes, M A , and W F 
Masom, M.A Foui th Edition, 3s 6d 

“ Aooumte and full without being oveiloaded with detail ”—Schoolmaster 

Latin Composition With copious Exeioiaes and easy oontmuous 
Passages By A. H Allcroft, M A , and J H HAYDON, 
M A Sixth Edition , Enlarged . 2s 6d 

*' Simpllolty of statement and ammgement, apt examples illustrating each rule, 
exceptions to these adroitly stated lust at the proper place and time, are among some 
of the striking characteristics of tliiB exoellent book A — Schoolmaster 

Junior Latin Reader By E J G Forse, M A la 6d. 

Matriculation Selections from Latin Authors. With Intioduotion 
(History and Antiquities), Notes, and Vooabulaiy By A F 
Watt, M A , and B J Hayes, M A 2s 6d 
Provides practice in reading Latin in preparation for Examina¬ 
tions for which no olassios aio piesaubod 
“ It is quite an interesting selection, and well done."— School lVoihl 
‘‘The selection is a good one, and the notes are brief and to the purpose."— 
Journal of Education 

Matnonlation Latin Construing Book By A F WATT, M A , and 
B J Hayes, M A. 2s 

A guide to the oonstruing of the Latin period and its translation 
into English 

u One of the most useful text-books of tills veryprootiool Tutorial Seilos ."—School 
Guardian 

The Tutorial Latin Reader, With Vocabulary. 2s. 6d. 

“ A Boundly pmetioal woik ."—Guardian 

Advanced Latin Unseens. Being a Higher Latin Reader Edited 
by H J. Maidment, M. A., and T R Mills, M A. 3s 6d 

“ Contains some good passages, which have been selected from a wider field titan 
that previously explored by similar manuals .”—Cdmbi idgt Review. 

The Tutorial Latin Dictionary. By F G Plaistowe, M.A, late 
Fellow of Queens’ College, Cambridge. 6s 6d 
11 A sound school dictionary "—Speaker 

Advanoed Greek Unseens Second Edition, Enlarged 3s 6d 

The Tutorial Greek Reader With V00ABULARIES By A WAUGH 
Young, M A. Second Edition , Enlarged 2s 6d. 
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THE UNIVERSITY TUTORIAL SERIES. 


jSfcttlouB of Xatin anO <5reeh Classics. 

The Text w tn aU cases accompanied by Introduction and Notes, hooka 
<marked ( # ) contain also an alphabetical Lexicon 
The Vocalmlai ies are in order of the text and are preceded by Test Papers. 


Text. Voo 

Acts of Apostles, 1/0 

Aeschylus— 

Eumenides. 3/6 1/0 

Persae. 3/6 

Prometheus Vinotus. 2/6 1/0 

Septem contra Thobas. 3/6 1/0 


Aristophanes— 


Bonae 

3/6 

, 

Oaks Ait— 



Civil War, Book 1. 

1/6 


Civil War, Book 3 

2/6 

1/0 

Game War, Books 1-7 



(each) 1/6 

1/0 

Gallia War, Book 1, 



Ch 1 to 29. 

1/6 


The Invasion of Britain 

1/6 

i/o 

Gallic War, Book 7, Oh 



1 to 68 

1/6 


OlOERO— 



Ad Attioum, Book 4 

3/6 

M 

De Amioitia 

*1/6 

1/0 

De Pimbus, Book 1. 

2/6 


De Pinibus, Book 2. 

3/6 

,, 

De Offious, Book 8 

3/6 

1/0 

De Seneotute. 

*1/6 

1/0 

In Oatihnam I -IV. 

2/6 


„ L, DX (each) 1/6 

1/0 

Philippio n 

2/6 

1/0 

Pro Arohia. 

1/0 

1/0 

Pi*o Balbo 


1/0 

Pro CJluentio 

3/6 

1/0 

Pro Lege Manilla. 

2/6 

w 

Pro Maroello 

1/0 

I/O 

Pro Milone. 

3/6 

1/0 

Pro Planoiot 

3/6 

1/0 

OURTIUS— 



Book 9, Ch ({-end. 

1/6 

... 


Text Voo 

D FMOSTHEN ES— 


Andiotion. 

4/0 


Euripides— 

Aloeatis 

16 

3/0 

I/O 

Androniaohe. 

Baoohae 

3 6 

I/O 

Heouba 

3/0 

HippolytuB 

3/6 

1/0 

Iphigenia in Tauns 
Medea 

3/6 

3/6 

I/O 

Herodotus— 

Book 3 

4/6 

1/0 

Book 4, Cli 1-144 

4/6 

I/O 

Book 6 

2/6 

1/0 

Book 8 

3/6 

Homer— 

Iliad, Book 0 


1/0 

Iliad, Book 24 * 

3/6 

Odyssey, Books 9, 10 

2/6 

„ 

Odyssey, Books 11, 12 

2/6 

, , 

OdyBsey, Books 13, 14. 
Odyssey, Book 17. 

2/6 

... 

1/6 

I/O 

Horace— 

Epistles (moluding Are 

Poetica). 

4/6 


EpiBtlea (oxcludmg Are 

Poetica) 

.. 

I/O 

Epodes 

1/0 

Odes, Books J.-4. 

*3/0 

... 

Separately, eaoh Book 


H 3, 4). 

' I/O 

1/0 

Satires 

4/6 

1/0 


Isocrates— 

De Bigis, 2/0 ... 
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TEE UNIVERSITY TUTORIAL SERIES. 

_* __ 


BDttions of Xatln anD Greeft Classics— continued 


Juvenal. 

Satires 1, 3, 4 
Satires 8, 10, 13. 
Satires 11, 13, 14. 


Text Voo 



Law- 

Book 1 2/0 1/0 

Books 3, 6, 9. (each) 3 6 1/0 
Book 5 2/0 1/0 

Book 21 2/6 1/0 

Book 21, Ch. 1-30. 1/0 .. 

Book 22. 2/6 1/0 


Lucian— 

Charon and Pisoator. 3/0 1/0 
Lysias— 

Eratosthenes. 2/6 

Eratosthenes and 

Agoratms. . 1/0 

Nkpos— 

Hannibal, Cato, Attious 1/0 


Ovid— 

Fasti, Books 3, 4 2/6 1/0 

Fasti, Books 5, 0 3/6 1/0 

Heroides, 1,2, 3, 5, 7, 12. 1/0 

Heroides, 1, 5, 12 1/6 

Metamorphoses, Book 1, 
lines 1-150, Book 3, 
lines 1-130, Book 5, 
lines 385-550 (eaoh) 1/0 . . 
Book 11 1/0 

Book IT, lines410-748 1/6 
Books 13, 14 (eaoh) 1/6 1/0 
TnBtia, Books 1,3 (eaoh) 1/6 1/0 


Plato— 

Apology. 

Cnto, * 

Euthyphro and Mene- 
xenus. 

Ion 

Loahes 

Phaedo, 


3/6 1/0 
2/6 1/0 

4/6 1/0 
3/0 1/0 
3'6 1/0 
3/6 ... 



Text 

Voo. 

Sallust— 

Catiline. 

1/6 

1/0 

Sophocles— 

Ajax 

3/6 

1/0 

Antigone. 

2/0 

1/0 

Eleotra 

8/6 

1/0 

Tacitus— 

Agnoola 

2/0 

1/0 

Annals, Book 1. 

2/0 

1/0 

Arinals, Book 2. 

2/0 

Germania 

2/6 

I/O 

Histones. Books 1, 3 

(each) 

3/6 

1/0 

Terence— 

Adelpln 

30 

. 

Thucydides— 

Book 7 

3/0 


Vergil— 

Aeneid,Books 1-8 (eaoh)*l/G 

1/0 

Book 9 

*1/6 

Books 9, 10. 

i/o 

Book 10 

*1/6 

Book 11 

*1/6 

1/0 

Book 12. 

1 6 

Eologues 

3/6 

1/0 

Georgies, Books 1 and % 

3/6 

1/0 

Georgies, Books 1 and 4 

3/6 

1/0 

Georgies, Book 4 

1 

s. 

i 1/0 

. 

Xenophon— 

Anabasis, Book 1. 

1/6 

1/0 

Anabasis, Book 4. 

1/0 

Cyropaedeia, Book 1 

1/6 

1/0 

Oyropaedeia, Book 5 

1/0 

-* Hellemoa, Books 3, 4. 

(eaoh) 

1/6 

, 

Memorabilia, Book 1 

3/6 

1/0 

OeconomiouB, 

4/6 

1/0 

„ Ch. 1-10 

1/6 



A detailed catalogue of the above can be obtained on aqpplxccUion. 



Tins mnvEnsiTX tutorial series 
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* ITbe ittniversfti) tutorial Series. 


General tid-doi' Wm. Briggs* LL D , D 0 L , M A , B So , 

Principal of Utnvcisity Cor\ esgondente College 

The object of the UNIVERSITY Tutorial SERIES is to provide 
candidates for examinations and learneis generally with text-books 
which shall convey in the simplest form sound instruction in accord¬ 
ance with the latest results of scholarship and scientific research. 
Impoitant points are fully and cleaily treated, and care has been 
taken not to mtioduoe details whioh are likely to poiplex the be¬ 
ginner 

The Publishoi will bo happy to entertain applications from 
Teuoliois foi Specimen Copies of books mentioned m this List 


SOME PRESS OPINIONS. 

"This series Is successful in hitting its mark and supplying much help to 
students in places where a guiding liand ia sorely needed "— Journal cf Education 
“ Many editora of more pretentious books might Btudy the motliods of the ‘ Uni¬ 
versity Tutorial Series’ with profit.”— Guardian 
“The ‘University Tutorial Series' is favourably knoVn foi its prootioal and 
workmanlike methods."— Public School* Year Jiool 
“ The aeries Ib eminently auooassful "— Spectator 

11 The olaasical texts in this series are edited by men who are thoroughly mastora 
of their craft "—Saturday Rcviuc 

“The competent manner in which the volumes of this series are edited is now 
well known ond generally recognised."— Educational Time* 

“Tliia useful series of text-books."— Nature 

“ Any books published in tills series are admirably adapted for the neQtls of the 
large does of students for whom they are intended "— Cambridge Review 

“Oleamess in statement and orderliness in arrangement characterise the publica¬ 
tions of the University Tutorial Press."— Oxfonl Magazine, 

“ All bookB whioh issue from the ' University Tutorial Press 1 are both scholarly 
andpraotloal "— We&tmhi&tei Rcvteic 

“Themerit of this seiles of publications consists In the workmanlike execution 
of an orderly practice! plan "— School Government Chronicle ^ x 

“Tlie books of tbe ‘University Tutorial Series’ lmve deseiwodly won a high 
reputation for sound scholarship, clear and orderly arrangement and presentation, 
and practical and up-to date methods.' — Bookman 

“ Tlie more we seo of these excellent manuals the more highly do wo think of 
them "—Schoolmasta 

“Such text-books are immeasurably supoidoi to the heavy tomes, overburdened 
with extraneous matter, with which boys of a previous generation were f am il i ar. 
School Guardian 


\ 

1 


i 



